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APPENDIX A 

SCENARIO DEFINITION FOR TCAS H TESTING 

PARAMETER STEP MULTIPLICATION 
CLASS VARIED RANGE SIZE FACTOR 

0,10 alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -400, 400 fpm 400 3 
vertical rate 2 0, 400 fpm 400 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

84 * 26 =  2184 

1,U alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -400, 400 fpm 400 3 
vertical rate 2 1000, 5000 fpm 2000 3 
alt bins -20, 20 ft 40 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

252 * 26 =  6552 

2,12 alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -400, 400 fpm 400 3 
vertical rate 2 1000, 5000 fpm 2000 3 
vertical accel 2 .05, .35 g .1 4 
time vert accel 2 20, 30 sec 5 3 
alt bins -20, 20 ft 40 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

3024 * 26 = 78624 

3,13 alt sep @ CPA -1000, 1000 ft 250 9 
vertical rate 1 -400, 400 fpm •400 3 
vertical rate 2 1000, 5000 fpm 2000 3 
vertical accel 2 -.35, -.05 g .1 4 

» time vert accel 2 20, 30 sec 5 3 
alt bins -20, 20 ft 40 2 

- 

alt a/c 1 at CPA 3700,7500 ft 3800 2 

3888 * 26 = 101088 

4,14 alt sep @ CPA -750, 750 ft 250 1 / 
vertical rate 1 -5000, 5000 fpm 2000 6 
vertical rate 2 1000, 5000 fpm 2000 3 
alt bins -20, 20 ft 40 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

504 * 26 =  13104 
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5,15 

6,16 

7,17 

8,18 

alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -5000, 5000 fpm 2000 6 
vertical rate 2 1000, 5000 fpm 2000 3 
vertical accel 2 .05, .35 g .1 4 
time vert accel 2 20, 30 sec 5 3 
alt Lins -20, 20 ft 40 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

6048 * 26 

alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -5000, 5000 fpm 2000 6 
vertical rate 2 -5000, -1000 fpm 2000 3 
vertical accel 2 .05, .35 g .1 4 
time vert accel 2 20, 30 sec 5 3 
alt bins -20, 20 ft 40 2 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

6048 * 26 

alt sep @- CPA -750, 750 ft 250 7 
vertical rate 1 1000, 5000 fpm 2000 3 
vertical rate 2 -5000, 5000 fpm 2000 6 
vertical accel 1 .05, .25 g .1 3 
vertical accel 2 magnitudes .05 

to .35 g; sign 
is same sign of 
vertical rate 

.1 4 

time vert accel 1 25 sec 1 
time vert accel 2 20, 30 sec 5 3 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

9072 * 26 

alt sep @ CPA -750, 750 ft 250 7 
vertical rate 1 -5000, -1000 fpm 2000 3 
vertical rate 2 -5000, 5000 fpm 2000 6 
vertical accel 1 .05, .25 g .1 3 
vertical accel 2 magnitudes .05 

to .35 g; sign 
is same sign of 
vertical rate 

.1 4 

time vert accel 1 25 sec 1 
time vert accel 2 20, 30 sec 5 3 
alt a/c 1 at CPA 3700,7500 ft 3800 2 

9072 * 26 

= 157248 

= 157248 

= 235872 

= 235872 
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9,19       alt sep @ CPA 
vertical rate 1 
vertical rate 2 
vertical accel 1 
vertical accel 2 

time vert accel 
time vert accel 
alt a/c 1 at CPA 

-1000, 1000 ft 250 9 
1000, 5000 fpm 2000 3 
-5000, 5000 fpm 2000 6 
-.15, -.05 .1 2 
magnitudes .05 .1 4 
to .35 g; sign 
is opposite sign of 
vertical rate 

1 25 sec 1 
2 20, 30 sec 5 3 
k 3700,7500 ft 3800 2 

7776 * 26 = 202176 

TOTAL SCENARIOS RUN 

CLASS 0,10 2,184 
CLASS 1,11 6,552 
CLASS 2,12 78,624 
CLASS 3,13 101,088 
CLASS 4,14 13,104 
CLASS 5,15 157,248 
GLASS 6,16 157,248 
CLASS 7,17 235,872 
CLASS 8,18 235,872 
CLASS 9,19 202,176 

TOTAL    1,189,968 
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APPENDIX B 

TOTAL OF ENCOUNTERS RUN; 

BREAKDOWN BY ENCOUNTER CLASS AND EQUIPAGE 

Class 
Number of 
Parameters 
Variations* 

Dataset 1 
(26 equip. 

pairs) 

Dataset 2 
(30 equip. 

pairs) 

Dataset 3 
(30 equip. 

pairs) 

0/10 84 2184 2520 2520 

1/11 252 6552 7560 7560 

2/12 3024 78624 90720 90720 

3/13 3888 101088 116640 116640 

4/14 504 13104 15120 15120 

5/15 6048 157248 181440 181440 

6/16 6048 157248 181440 181440 

7/17 9072 235872 272160 272160 

8/18 9072 235872 272160 272160 

9/19 7776 202176 233280 233280 

Total 1,189,968 1,373,040 

*    from "multiplication factor" in Appendix A 

1,373,040 

Dataset 1-26 equipage pairs 

6.02, 6.04, 6.04a 

Pilot Responding 

AC1 AC2 
1. Mode C vs. non-resp TCAS (planned) 14. 
2. Mode C vs. 6.02 15. 
3. Mode C vs. 6.04 16. 
4. Mode C vs. 6.04a 17. 
5. 6.02 low ID vs. 6.02 high ID 18. 
6. 6.02 low ID vs. 6.04 high ID 19. 
7. 6.02 high ID vs. 6.04 low ID 20. 
8. 6.02 low ID vs. 6.04a high ID 21. 
9. 6.02 high ID vs. 6.04a low ID 22. 
10. 6.04 low ID vs. 6.04 high ID 23. 
11. 6.04 low ID vs. 6.04a high ID 24. 
12. 6.04 high ID vs. 6.04a low ID 25. 
13. 6.04a low ID vs. 6.04a high ID 26. 

AC1 AC2 
non-resp TCAS vs. Mode C (planned) 
6.02 vs. Mode C 
6.04 vs. Mode C 
6.04a vs. Mode C 
6.02 high ID vs. 6.02 low ID 
6.04 high ID vs. 6.02 low ID 
6.04 low ID vs. 6.02 high ID 
6.04a high ID vs. 6.02 low ID 
6.04a low ID vs. 6.02 high ID 
6.04 high ID vs. 6.04 low ID 
6.04a high ID vs. 6.04 low ED 
6.04a low ID vs. 6.04 high ID 
6.04a high ID vs. 6.04a low ED 
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Dataset 2-30 equipage pairs 

6.02,6.04a 

Pilot Responding and Pilot Non-responding (PNR) 

AC1 AC2 
1. Mode C vs. non-resp TCAS (planned) 16. 
2. Mode C vs. 6.02 17. 
3. Mode C vs. 6.04a 18. 
4. 6.02 low ID vs. 6.02 high ID 19. 
5. 6.02 low ID vs. 6.04a high ID 20. 
6. 6.02 high ID vs. 6.04a low ID 21. 
7. 6.02 low ID vs. 6.02 PNR high ID 22. 
8. 6.02 high ID vs. 6.02 PNR low ID 23. 
9. 6.02 low ID vs. 6.04a PNR high ID 24. 
10. 6.02 high ID vs. 6.04a PNR low ID 25. 
11. 6.04a low ID vs. 6.04a high ID 26. 
12. 6.04a low ID vs. 6.02 PNR high ID 27. 
13. 6.04a high ID vs. 6.02 PNR low ID 28. 
14. 6.04a low ID vs. 6.04a PNR high ID 29. 
15. 6.04a high ID vs. 6.04a PNR low ID 30. 

AC1 AC2 
non-resp TCAS vs. Mode C (planned) 
6.02 vs. Mode C 
6.04a vs. Mode C 
6.02 high ID vs. 6.02 low ID 
6.04a high ID vs. 6.02 low ID 
6.04a low ID vs. 6.02 high ID 
6.02 PNR high ID vs. 6.02 low ID 
6.02 PNR low ID vs. 6.02 high ID 
6.04a PNR high ID vs. 6.02 low ID 
6.04a PNR low ID vs. 6.02 high ID 
6.04a high ID vs. 6.04a low ID 
6.02 PNR high ID vs. 6.04a low ID 
6.02 PNR low ID vs. 6.04a high ID 
6.04a PNR high ID vs. 6.04a low ID 
6.04a PNR low ID vs. 6.04a high ID 

Dataset 3-30 equipage pairs 

6.04,6.04a 

Pilot Responding and Pilot Non-responding (PNR) 

AC1 AC2 
1. Mode C vs. non-resp TCAS (planned) 16. 
2. Mode C vs. 6.04 17. 
3. Mode C vs. 6.04a 18. 
4. 6.04 low ID vs. 6.04 high ID 19. 
5. 6.04 low ID vs. 6.04a high ID 20. 
6. 6.04 high ID vs. 6.04a low ID 21. 
7. 6.04 low ID vs. 6.04 PNR high ID 22. 
8. 6.04 high ID vs. 6.04 PNR low ID 23. 
9. 6.04 low ID vs. 6.04a PNR high ID 24. 
10. 6.04 high ID vs. 6.04a PNR low ID 25. 
11. 6.04a low ID vs. 6.04a high ID 26. 
12. 6.04a low ID vs. 6.04 PNR high ID 27. 
13. 6.04a high ID vs. 6.04 PNR low ID 28. 
14. 6.04a low ID vs. 6.04a PNR high ID 29. 
15. 6.04a high ID vs. 6.04a PNR low ID 30. 

AC1 AC2 
non-resp TCAS vs. Mode C (planned) 
6.04 vs. Mode C 
6.04a vs. Mode C 
6.04 high ID vs. 6.04 low ID 
6.04a high ID vs. 6.04 low ID 
6.04a low ID vs. 6.04 high ID 
6.04 PNR high ID vs. 6.04 low ID 
6.04 PNR low ID vs. 6.04 high ID 
6.04a PNR high ID vs. 6.04 low ID 
6.04a PNR low ID vs. 6.04 high ID 
6.04a high ID vs. 6.04a low ID 
6.04 PNR high ID vs. 6.04a low ID 
6.04 PNR low ID vs. 6.04a high ID 
6.04a PNR high ID vs. 6.04a low ID 
6.04a PNR low ID vs. 6.04a high ID 
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APPENDIX C 

NMAC TABLES 

MITRE encounter class:  0    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 0.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       8 
Normalizing number for TCAS-TCAS cells:      16 

Aircraft    2 
I   Mode C       I 6.02        |        6.04 |        6.05 | 

6/21/94 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C .   — o v 

6.02 0 0 

6.04 0 0 

6.05 0 0 

Table 0.2 

0 

0 

0 

0 

0 

0 

0 

0 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       8 
Normalizing number for TCAS-TCAS cells:      16 

Aircraft 2 
I Mode C   I    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C —           | 

6.02 0          I 

6.04 0          I 

6.05 0          I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class:  0    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  0.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       8 
Normalizing number for TCAS-TCAS cells:      16 

Aircraft    2 
I  Mode C       I 6.02       |       6.04 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6.05 

0 

0 

0 

0 
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MITRE encounter class:  0    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 0.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      10 
Normalizing number for TCAS-TCAS cells:      20 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft    2 
Mode C       | 6.02       |       6.04 

ode C —    1 

6.02 0    I 

6.04 0    I 

6.05 0    I 

—    1 

0 

0 

0 

0 

6.05 

0 

0 

0 

0 

Table 0.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      10 
Normalizing number for TCAS-TCAS cells:      20 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft 
i  Mode C       i 6.02       I 

Mode C 

6.02 

6.04 

6.05 

10 

10 

10 

6.04 6.05 

10 10 10    | 

20 20 20    | 

20 20 20    | 

20 20 20    | 

— — —    | 
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MITRE encounter class: 10    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 10.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      4 
Normalizing number for TCAS-TCAS cells:      8 

6/21/94 

Aircraft    2 
I  Mode C       I 6.02       |       6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 10.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       4 
Normalizing number for TCAS-TCAS cells:       8 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i Mode C — 0 0 0          i 
r 
c 6.02 0 0 0 0         I 
r 
a 6.04 0 0 0 0          1 
f 
t 6.05 0 0 0 0          1 

1 — — — —             1 
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MITRE encounter class: 10    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 10.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       4 
Normalizing number for TCAS-TCAS cells:       8 

A i r c r aft 2 
Mode C 6 .02 . 6 04          | 

A 
i Mode C — 0 0          I 
r 
c 6.02 0 0 0          I 
r 
a 6.04 0 0 0          I 
f 
t 6.05 0 0 0          I 

1 — —            1 

6.05 

0 

0 

0 

0 
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MITRE encounter class: 10    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 10.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      62 
Normalizing number for TCAS-TCAS cells:     124 

Aircraft 
Mode C   1    6.02   I 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 10.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      62 
Normalizing number for TCAS-TCAS cells:     124 

Aircraft    2 
I  Mode C       | 6.02       I       6.04 6.05 

A 
i Mode C — 57 38 38    I 
r 
c 6.02 55 118 110 110    | 
r 
a 6.04 38 114 76 76    | 
f 
t 6.05 38 114 76 76    | 

1 .— — — —     1 
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MITRE encounter class:  1    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 1.1 

Number of unresolved NMA.Cs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      36 
Normalizing number for TCAS-TCAS cells:      72 

6/21/94 

Aircraft    2 
Mode C       ! 6.02        |        6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 1.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      36 
Normalizing number for TCAS-TCAS cells:      72 

Aircraft 2 
Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class:  1    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 1.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      36 
Normalizing number for TCAS-TCAS cells:      72 

Aircraft 2 
Mode C   |    6.02   I   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class:  1    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 1.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     152 
Normalizing number for TCAS-TCAS cells:     304 

Aircraft    2 
Mode C       I 6.02       I       6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

ode C 1 

6.02 0    I 

6.04 0    I 

6.05 0    I 

—     1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 1.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     152 
Normalizing number for TCAS-TCAS cells:     304 

Aircraft 2 
Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 152 145 145    | 

6.02 152 304 304 304    | 

6.04 145 304 290 290    | 

6.05 145 304 290 290    | 

1   — — — —    1 

83 



MITRE encounter class: 11    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 11.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

6/21/94 

Aircraft    2 
I  Mode C       I 6.02       I       6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 11.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft 
Mode C   I    6.02   I 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 11    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 11.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft 
I Mode C  |   6.02   I 6.04 

A 
i Mode C — 0 
r 
c 6.02 0 0 
r 
a 6.04 0 0 
f 
t 6.05 0 0 

1 —   

0 

0 

0 

0 

6.05 

0 

0 

0 

0 
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MITRE encounter class: 11    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 11.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      64 
Normalizing number for TCAS-TCAS cells:     128 

Aircraft 2 
Mode C  |   6.02   I   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

Table 11.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):      64 
Normalizing number for TCAS-TCAS cells:     128 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i Mode C — 64 38 38 —■    1 

r 
c 6.02 64 128 128 128 —    I 
r 
a 6.04 38 128 76 76 —    1 
f 
t 6.05 38 128 76 76 

i 

1 — — — — —     1 
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MITRE encounter class:  2    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 2.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     432 
Normalizing number for TCAS-TCAS cells:     864 

6/21/94 

Aircraft    2 
I   Mode C       | 6.02        |        6.04 6.05 

A 
i Mode C 
r 
c 6.02 
r 
a 6.04 
f 
t 6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 2.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     432 
Normalizing number for TCAS-TCAS cells:     864 

Aircraft    2 
I   Mode C       | 6.02        |        6.04 |        6.05 I 

A 
i Mode C — 0 
r 
c 6.02 2 0 
r 
a 6.04 14 2 
f 
t 6.05 14 2 

1 — — 

0 

0 

5 

5 

0 

0 

5 

5 
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MITRE encounter class:  2    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 2.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     432 
Normalizing number for TCAS-TCAS cells:     864 

Aircraft 
I Mode C  I    6.02   I 6.04 I   6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

2 

14 

14 

0 

0 

5 

5 

0 

0 

5 

5 
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MITRE encounter class:  2    "planned = CROSSING"    Date processed:  6/21/94 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 2.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1516 
Normalizing number for TCAS-TCAS cells:    3032 

- 
Aircraft 2 

1 Mode C   |    6.02   |   6.04    |   6.05    |          I 

A             1         1          1          1          1          1 
i     Mode C  I  —    |    56   |    63   I    63   I   —    1 
E"                           I                   i                     1                     I                     1                     1 
c      6.02    |   206    |     12    |     16    |    16    I   —    1 
£"                           1                   I                     1                     1                     1                     1 
a      6.04    |   170    |    20    |     52    |    52    |   —    | 
f             1         1          I          I          1          1 
t      6.05    |   170    |     20    |     52    |     52    I    —     | 

Table 2.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1516 
Normalizing number for TCAS-TCAS cells:    3032 

Aircraft 2 
I Mode C   |    6.02   |   6.04   I   6.05   |          I 

A             1         I          1          1          1          1 
i     Mode C   1  —     I   1460    |   1439    |   1439    |   —    | 
£"                           1                   I                     1                     I                     1                     I 
c      6.02    |  1310    !   3020    |   3016    |   3016    1   —    | 
r             I         1          I          I          I          I 
a      6.04    |  1338    |   3012    |   2970    |   2970    |    —     1 
f             1         1          I          1          1          1 
t      6.05    I  1338    I   3012    |   2970    1   2970    |   —    | 
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MITRE encounter class: 12    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 12.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

6/21/94 

Aircraft 
I  Mode C       I 6.02       | 6.04 I   6.05 

A 
i Mode C — 
r 
c 6.02 0 
r 
a 6.04 0 
f 
t 6.05 0 

1 — 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 12.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft 2 
I Mode C   I   6.02   I   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 12    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 12.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

6/21/94 

Aircraft 
Mode C       | 6.02        I 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

91 



MITRE encounter class: 12    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 12.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    107 6 
Normalizing number for TCAS-TCAS cells:    2152 

6/21/94 

A i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 10 0 

6.04 13 0 

6.05 13 0 

6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

0 

0 

1 

1 

0 

0 

1 

1 

Table 12.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1076 
Normalizing number for TCAS-TCAS cells:    2152 

Aircraft 2 
I Mode C   I   6.02   I   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 1076 768 768    | 

6.02 1066 2152 2152 2152    | 

6.04 803 2152 1643 1643    I 

6.05 803 2152 1643 1643    I 

— — — —    1 
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MITRE encounter class:     3           "planned = CROSSING"           Date processed:     6/21/94 
TCAS Logic Version  6.04a;  All aircraft responding.   June  1994 

Table    3.1 

Number of unresolved NMA.Cs with neither aircraft 
(based on simulation truth) 

having an RA 

Normalizing number for cells  in first row and column 
(number of planned encounters that resulted in an 

NMAC,  based on simulation truth):              368 
Normalizing number for TCAS-TCAS cells:              736 

- 
Aircraft    2 

I   Mode C        |          6.02        |        6.04          | 6.05          |                          | 

A                                 1                       1                         1                          1 
i             Mode C       |       —            I              0         |              0         .1 0          I         —            | 
3T                                                  lilt 
c                6.02          |0|              0|               0| 
r                                1                      1                        1                        1 
a               6.04         |           0          |              0         |              0| 
f                                 1                       1                         1                          1 

0          |         —            | 

0          I         —            | 

t                6.05          I            0|               0|               0| 0|         —            | 

1                                   ,_,_,_, 1         —            1 

Table    3.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC,  based on simulation truth):              368 
Normalizing number for TCAS-TCAS cells:              736 

Aircraft    2 
I   Mode C        |          6.02        |        6.04          | 6.05          |                          | 

A                                 1                       1                         1                          1 
i            Mode C       |       —           |             0         |             0| 
r                                 1                       1                         I                          I 
c                 6.02          |          17           |               0          |               0          1 
r                                 1                       1                         1                          I 
a                6.04          |          33          |              0          |               0          | 
f                                   1                        1                           I                           I 

0          |         —            | 

0|         —            | 

0|         —            | 

- t                6.05          |          33          |              0|               0          1 0|         —            | 
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MITRE encounter class:  3    "planned = ^CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 3.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     368 
Normalizing number for TCAS-TCAS cells:     736 

Aircraft    2 
I  Mode C       I 6.02       |       6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

ode C —            1 

6.02 17           | 

6.04 33          | 

6.05 33          | 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class:  3    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 3.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1208 
Normalizing number for TCAS-TCAS cells:    2416 

6/21/94 

Aircraft    2 
I   Mode C       I 6.02        |        6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0    I 

6.04 0    I 

6.05 0    I 

—    1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 3.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1208 
Normalizing number for TCAS-TCAS cells:    2416 

A i r c r a f t 2 
Mode C 6.02 6.04 6.05    | 

Mode C — 966 748 748    | 

6.02 934 1940 1868 1868    | 

6.04 746 1932 1496 1496    | 

6.05 746 1932 1496 1496    | 

— — — —    1 

A 
i 
r 
c 
r 
a 
f 
t 
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MITRE encounter class: 13    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 13.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      64 
Normalizing number for TCAS-TCAS cells:     128 

6/21/94 

A i r c r aft 
Mode  C 6 .02 

Mode C — 0 

6.02 0 0 

6.04 0 0 

6.05 0 0 

— — 

6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

0 

0 

0 

0 

0 

0 

0 

0 

Table 13.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      64 
Normalizing number for TCAS-TCAS cells:     128 

Aircraft 2 
I Mode C   |   6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C —            1 

6.02 1          | 

6.04 1          | 

6.05 1          | 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 13    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 13.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      64 
Normalizing number for TCAS-TCAS cells:     128 

Aircraft  2 
I Mode C   |    6.02   |   6.04 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 1          | 

6.04 1          | 

6.05 1          | 

—            1 

0 

0 

0 

0 

6.05 
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MITRE encounter class: 13    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 13.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth) :    2248 
Normalizing number for TCAS-TCAS cells:    4496 

6/21/94 

Aircraft 
I Mode C   I   6.02   | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

8 

11 

11 

0 

0 

14 

8 

26 19 —    I 

2 0 1 

21 3 1 

18 4 1 

— — —    1 

Table 13.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2248 
Normalizing number for TCAS-TCAS cells:    4496 

Aircraft 
Mode C   |    6.02   | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

1642 

1174 

1174 

1724 

3624 

3434 

3440 

1280 1287 1 

3498 3500 1 

2691 2709 1 

2694 2708 1 

— — —     1 
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MITRE encounter class:  4    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 4.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      60 
Normalizing number for TCAS-TCAS cells:     120 

Aircraft 2 
I Mode C   I    6.02   |   6.04    |   6.05    | 

6/21/94 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 4.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      60 
Normalizing number for TCAS-TCAS cells:     120 

A 
i 
r 
c 
r 
a 
f 
t 

A i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 0 0 

6.04 0 0 

6.05 0 0 

— — 

6.04 6.05 

0 

0 

0 

0 
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MITRE encounter class:  4    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  4.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      60 
Normalizing number for TCAS-TCAS cells:     120 

Aircraft 2 
I Mode C   I    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0          I 

6.04 0          I 

6.05 0          I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class:  4    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 4.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     304 
Normalizing number for TCAS-TCAS cells:     608 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft  2 
I Mode C   |    6.02   |   6.04 

Mode C 1 

6.02 0    I 

6.04 1    | 

6.05 0    I 

—     1 

0 

0 

0 

0 

6.05 

0 

0 

0 

0 

Table 4.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     304 
Normalizing number for TCAS-TCAS cells:     608 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft  2 
I Mode C   |   6.02   |   6.04 6.05 

Mode C 

6.02 

6.04 

6.05 

304 

293 

294 

304 

608 

608 

608 

293 294 —    1 

608 608 1 

588 588 1 

588 588 1 

— — —    1 
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MITRE encounter class: 14    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 14.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      12 
Normalizing number for TCAS-TCAS cells:      24 

Aircraft    2 
I   Mode C        | 6.02        |        6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0         I 

6.04 0         I 

6.05 0         I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

Table 14.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      12 
Normalizing number for TCAS-TCAS cells:      24 

Aircraft 
I  Mode C       | 6.02       | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0          I 

6.04 0          I 

6.05 0          I 

—             1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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■MITRE encounter class: 14    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 14.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      12 
Normalizing number for TCAS-TCAS cells:      24 

Aircraft 2 
I Mode C  |   6.02   |   6.04   |   6.05 

A 
i Mode C — 0 0 0 
r 
c 6.02 0 0 0 0 
r 
a 6.04 0 0 0 0 
f 
t 6.05 0 0 0 0 

1 — — — — 
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MITRE encounter class: 14    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 14.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     128 
Normalizing number for TCAS-TCAS cells:     256 

6/21/94 

Air c raft 2 
Mode C  | 6.02   | 

Mode C —    1 0   I 

6.02 0   I 0   I 

6.04 0   I 0   I 

6.05 0   I 0   I 

Table 14.5 

6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

0 

0 

0 

0 

0 

0 

0 

0 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):     128 
Normalizing number for TCAS-TCAS cells:     256 

Aircraft 2 
Mode C  i   6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
+- 

Mode C — 120 84 84    | 

6.02 120 256 240 240    | 

6.04 84 240 168 168    | 

6.05 84 240 168 168    | 

— — — —     1 
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MITRE encounter class:  5    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 5.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     790 
Normalizing number for TCAS-TCAS cells:    1580 

6/21/94 

A  i r c raft 2 
Mode C 6.02 6 04 6.05 1 

A 
i Mode C — 0 0 0 1 
r 
c 6.02 0 0 0 0 —            1 
r 
a 6.04 0 0 0 0 —            1 
f 
t 

1 

6.05 0 0 

Table 5. 2 

0 0 

1 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     790 
Normalizing number for TCAS-TCAS cells:    1580 

Aircraft  2 
I Mode C   |    6.02   |   6.04    |   6.05    | 

A 
i Mode C 1 
r 
c 6.02 69           | 
r 
a 6.04 96          | 
f 
t 6.05 91          I 

1 —            1 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 
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MITRE encounter class:  5    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 5.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     790 
Normalizing number for TCAS-TCAS cells:    1580 

Aircraft 2 
I Mode C   I    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

ode C 1 

6.02 69          | 

6.04 96          I 

6.05 91          I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 
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MITRE encounter class:  5    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 5.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    3744 
Normalizing number for TCAS-TCAS cells:    7488 

Aircraft 
I Mode C   |   6.02   I 6.04 6.05 

A 
i Mode C — 40 107 102 
r 
c 6.02 17 6 4 8 8 
r 
a 
f 

6.04 165 8 26 26 

t 6.05 165 8 26 26 

1 — — — — 

Table 5.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    3744 
Normalizing number for TCAS-TCAS cells:    7488 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft  2 
I Mode C   |    6.02   |   6.04 

Mode C 

6.02 

6.04 

6.05 

3554 

3424 

3424 

I   6.05 

3690 3470 3475    | 

7484 7452 7452    | 

7452 7166 7166    | 

7452 7166 7166    | 

— — —    1 
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MITRE encounter class: 15    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 15.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      74 
Normalizincr number for TCAS-TCAS cells:     148 

6/21/94 

Aircraft     2 
Mode  C        | 6.02        |        6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

ode C — 0          I 

6.02 0 0          I 

6.04 0 0          I 

6.05 0 0          I 

Table  15.2 

0 

0 

0 

0 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      74 
Normalizing number for TCAS-TCAS cells:     148 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C —            1 

6.02 28          | 

6.04 26          I 

6.05 25          | 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 15    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table 15.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      74 
Normalizing number for TCAS-TCAS cells:     148 

Mode C       | 

Mode C —            1 

6.02 28          | 

6.04 26          | 

6.05 25          | 

—            1 

Aircraft 
6.02 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 15    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 15.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1440 
Normalizing number for TCAS-TCAS cells:    288C 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft 
| Mode C   I    6.02 

Mode C 

6.02 

6.04 

6.05 

8 

8 

8 

8 

0 

12 

4 

6.04 6.05 

1 7 1 

9 7 1 

28 27 1 

25 21 1 

— — —    1 

Table 15.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1440 
Normalizing number for TCAS-TCAS cells:    2880 

Aircraft  2 
I Mode C   I    6.02   |   6.04    |   6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 1394 1039 1014    | 

6.02 1403 2880 2813 2815    I 

6.04 1089 2800 2220 2213    I 

6.05 1089 2808 2223 2219    I 

— — — 1 
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MITRE encounter class:  6    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table  6.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     864 
Normalizing number for TCAS-TCAS cells:    1728 

Aircraft 2 
I Mode C   |    6.02   |   6.04 I   6.05 

A 
i Mode C — 0 0 0 
r 
c 6.02 0 0 0 0 
r 
a 6.04 2 0 0 0 
f 
t 6.05 4 0 0 0 

1 — — — — 

Table 6.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     864 
Normalizing number for TCAS-TCAS cells:    1728 

A 
i 
r 
c 
r 
a 
f 
t 

A i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 56 0 

6.04 118 4 

6.05 86 4 

— — 

6.04 6.05 

7 5    I 

0 4    I 

5 13    | 

4 14    | 

—     1 
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MITRE encounter class:  6    "planned - CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  6.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     864 
Normalizing number for TCAS-TCAS cells:    1728 

Aircraft 
I Mode C  I   6.02 6.04 

A 
i Mode C — 
r 
c 6.02 56 
r 
a 6.04 120 
f 
t 6.05 90 

1 — 

0 

0 

4 

4 

7 

0 

5 

4 

6.05 

5 

4 

13 

14 
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MITRE encounter class:  6    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/21/94 

Table  6.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    3692 
Normalizing number for TCAS-TCAS cells:    7384 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 44 60 49    | 

6.02 16 28 43 19    i 

6.04 25 30 60 27    | 

6.05 25 20 37 12    | 

— — — —    1 

Table 6.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    3692 
Normalizing number for TCAS-TCAS cells:    7384 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 3648 3409 3430    | 

6.02 3668 7356 7333 7357    | 

6.04 3437 7354 6960 7009    I 

6.05 3448 7364 6995 7024    | 

— — — —     1 
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MITRE encounter class: 16    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 16.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

6/21/94 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft    2 
I   Mode C        | 6.02        |        6.04 I   6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0          I 

6.04 0          I 

6.05 0          I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

Table 16.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft 
Mode C   I   6.02   | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 
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MITRE encounter class: 16    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 16.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      0 
Normalizing number for TCAS-TCAS cells:       0 

Air c r aft 
Mode C       | 6 .02 

A 
i Mode C —           1 0 
r 
c 6.02 0         I 0 
r 
a 6.04 0         I 0 
f 
t 6.05 0         I 0 

1 —            I 

6.04 6.05 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 16    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 16.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1492 
Normalizing number for TCAS-TCAS cells:    2984 

Aircraft 
I  Mode C       I 6.02       I 6.04 6.05 

A 
i Mode C — 0    1     10    1 
r 
c 6.02 14 15    I     21    I 
r 
a 6.04 17 10    I     23    1 
f 
t 

1 

6.05 16 6    1     12    I 

Table 16.5 

4 

7 

2 

1 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    1492 
Normalizing number for TCAS-TCAS cells:    2984 

Aircraft    2 
I   Mode C       I 6.02        |        6.04 6.05 

A 
i Mode C — 1488 1169 1176 —     1 
r 
c 6.02 1474 2969 2959 2973 1 
r 
a 6.04 1159 2966 2549 2572 —     1 
f 
t 6.05 1151 2970 2556 2569 1 

1 — — — — 1 
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MITRE encounter class:  7    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  7.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1208 
Normalizing number for TCAS-TCAS cells:    2416 

6/22/94 

A i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 0 0 

6.04 0 0 

6.05 0 0 

— — 

6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

0 

0 

0 

0 

0 

0 

0 

0 

Table 7.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1208 
Normalizing number for TCAS-TCAS cells:    2416 

Aircraft  2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 64 124 125    | 

6.02 51 0 0 1 0    I 

6.04 92 0 4 4    I 

6.05 92 0 4 4    1 

— — — —     1 

117 



MITRE encounter class:  7    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/22/94 

Table 7.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1208 
Normalizing number for TCAS-TCAS cells:    2416 

Aircraft 
Mode C       I 6.02        | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 64 124 125          | 

6.02 51 0 0 0          I 

6.04 92 0 4 4          I 

6.05 92 0 4 4          I 

— — — —             1 
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MITRE encounter class:  7    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 7.4 

6/22/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    4994 
Normalizing number for TCAS-TCAS cells:    9988 

Aircraft 
I Mode C   |    6.02   | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 425 409 422    | 

6.02 511 97 146 146    | 

6.04 557 121 191 190    | 

6.05 562 125 

Table 7.5 

197 196    | 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    4994 
Normalizing number for TCAS-TCAS cells:    9988 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft     2 
I   Mode C       | 6.02        |        6.04 6.05 

Mode C — 4569 4556 4543    | 

6.02 4483 9891 9842 9842    | 

6.04 4418 9867 9761 9762    | 

6.05 4413 9863 9755 9756    | 

— — — —    1 
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MITRE encounter class: 17     "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 17.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      88 
Normalizing number for TCAS-TCAS cells:     176 

6/22/94 

A 
i 
r 
c 
r 
a 
f 
t 

A  i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 0 0 

6.04 0 0 

6.05 0 0 

— — 

6.04 6.05 

0 

0 

0 

0 

Table 17.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      88 
Normalizing number for TCAS-TCAS cells:     176 

A i r c raft 2 
Mode C 6.02 6 .04 6 .05          | 

A 
i Mode C — 19 12 12          | 
r 
c 6.02 17 0 0 0          1 
r 
a 6.04 11 0 0 0          I 
f 
t 6.05 11 0 0 0          I 

1 — — — —            1 
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MITRE encounter class: 17    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 17.3 

6/22/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):      88 
Normalizing number for TCAS-TCAS cells:     176 

Aircraft 2 
Mode C   |   6.02   |   6.04 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

17 

11 

11 

6.05 

19 12 12 —            1 

0 0 0 1 

0 0 0 —            | 

0 0 0 1 

— — — —            1 
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MITRE encounter class: 17    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 17.4 

6/22/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2782 
Normalizing number for TCAS-TCAS cells:    5564 

Aircraft  2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

ode C 1 

6.02 0    I 

6.04 9   I 

6.05 10   | 

—    1 

0 18 21    I 

5 7 7    I 

4 21 19    1 

3 14 14    | 

— —    1 

Table 17.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2782 
Normalizing number for TCAS-TCAS cells:    5564 

Aircraft  2 
Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 2752 2024 2019    | 

6.02 2731 5559 5509 5509    | 

6.04 2060 5508 4379 4381    | 

6.05 2055 5509 4386 4386    | 

— — — —    1 
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MITRE encounter class:  8    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  8.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1296 
Normalizing number for TCAS-TCAS cells:    2592 

6/23/94 

A 
i 
r 
c 
r 
a 
f 
t 

A i r c r aft 
Mode C 6 .02 

Mode C — 0 

6.02 0 0 

6.04 0 0 

6.05 0 0 

— — 

6.04 6.05 

4 

0 

0 

0 

Table 8.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1296 
Normalizing number for TCAS-TCAS cells:    2592 

Aircraft 
I   Mode  C        | 6.02        I 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C — 35 98 89    | 

6.02 12 0 2 2    I 

6.04 75 20 30 30    | 

6.05 69 20 30 30    | 

— — — —     1 
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MITRE encounter class:  8    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/23/94 

Table 8.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):    1296 
Normalizing number for TCAS-TCAS cells:    2592 

Aircraft  2 
I Mode C   |    6.02   |   6.04 

A 
i 
r 
c 
r 
a 
f 
t 

6.05 

Mode C — 35 99 93   | 

6.02 12 0 2 2   I 

6.04 75 20 30 30   | 

6.05 69 20 30 30    | 

— — — —    1 
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MITRE encounter class:  8    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 8.4 

6/23/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    5022 
Normalizing number for TCAS-TCAS cells:   10044 

A 
i 
r 
c 
r 
a 
f 
t 

A i 
Mode C 

r c r a f t 
6.02 

2 
6.04 6.05    | 

Mode C — 168 182 184    | 

6.02 487 38 86 74    | 

6.04 473 118 204 184    | 

6.05 479 128 207 188    | 

Table 8.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    5022 
Normalizing number for TCAS-TCAS cells:   10044 

A i r c r a f t 2 
Mode C 6.02 6.04 6.05 1 

A 
i 
r 

Mode C — 4842 4520 4518 1 
c 6.02 4529 10006 9946 9958 
r 
a 
f 

6.04 4310 9902 9388 9408 1 
t 6.05 4316 9892 9409 9428 1 
1 — — — — —     1 
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MITRE encounter class: 18    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 18.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

6/23/94 

A 
i Mode C 
r 
c 6.02 
r 
a 6.04 
f 
t 6.05 

Air c r aft 
I  Mode C       I 6 .02       | 

1       —           1 0         I 

1            0         | 0         I 

1            0         | 0         I 

1            0         I 0         I 

1       —           1 — 

6.04 6.05 

0 

0 

0 

0 

0 

0 

0 

0 

Table 18.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft    2 
I  Mode C       | 6.02       I       6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0          I 

6.04 0          I 

6.05 0          I 

—            1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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MITRE encounter class: 18    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

6/23/94 

Table 18.3 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):       0 
Normalizing number for TCAS-TCAS cells:       0 

Aircraft 
I  Mode C       | 6.02       I 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 1 

6.02 0          I 

6.04 0          1 

6.05 0          I 

—            1 

6.04 

0 

0 

0 

0 

0 

0 

0 

0 

6.05 

0 

0 

0 

0 
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MITRE encounter class: 18    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 18.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2754 
Normalizing number for TCAS-TCAS cells:    5508 

6/23/94 

Aircraft     2 
Mode C        I 6.02        I        6.04 6.05 

A 
i Mode C — 40 24 18    | 
r 
c 6.02 27 14 16 8    I 
r 
a 6.04 104 26 29 21    I 
f 
t 6.05 72 17 28 17    I 

1 — — — —    1 

Table 18.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2754 
Normalizing number for TCAS-TCAS cells:    5508 

Aircraft 2 
Mode C   |    6.02   |   6.04 6.05 

A 
i Mode C — 2710 2221 2198 —     1 
r 
c 6.02 2724 5494 5486 5494 1 
r 
a 6.04 2058 5482 4687 4673 —     1 
f 
t 6.05 2094 5491 4692 4685 —     1 

1 — — — — —     | 
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MITRE encounter class:  9    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 9.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     579 
Normalizing number for TCAS-TCAS cells:    1158 

6/21/94 

Aircraft     2 
I   Mode  C       | 6.02        |        6.04 I   6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table  9.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     579 
Normalizing number for TCAS-TCAS cells:    1158 

Aircraft 
Mode C   |    6.02   I 6.04 6.05 

A 
i Mode C —            1 
r 
c 6.02 17           | 
r 
a 6.04 52           | 
f 
t 6.05 61          | 

1 —            1 

1 

0 

0 

0 

27 

0 

2 

0 

18 

0 

1 

0 
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MITRE encounter class:  9    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  9.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     579 
Normalizing number for TCAS-TCAS cells:    1158 

A  i r c r aft 
Mode C 6 .02 

Mode C — 1 

6.02 17 0 

6.04 53 0 

6.05 61 0 

— — 

6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

27 

0 

2 

0 

18 

0 

1 

0 
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MITRE encounter class:  9    "planned = CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table  9.4 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2904 
Normalizing number for TCAS-TCAS cells:    5808 

6/21/94 

Aircraft 
I   Mode C       | 6.02        | 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

3 

14 

2 

6 11 5   I 

1 3 5    I 

1 13 12    | 

0 13 18    | 

— —    1 

Table 9.5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    2904 
Normalizing number for TCAS-TCAS cells:    5808 

Aircraft 2 
I Mode C   |    6.02   |   6.04 I   6.05 

A 
i Mode C — 2374 1860 1956 
r 
c 6.02 2267 4773 4537 4683 
r 
a 6.04 1887 4763 3817 3992 
f 
t 6.05 1996 4984 4017 4022 

1 — — — — 
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MITRE encounter class: 19    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 19.1 

Number of unresolved NMACs with neither aircraft having an RA 
(based on simulation truth) 

Normalizing number for celis in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     285 
Normalizing number for TCAS-TCAS cells:     570 

6/21/94 

A 
i Mode C 
r 
c 6.02 
r 
a 6.04 
f 
t 6.05 

Air c r aft 
I  Mode C       | 6 .02       | 

1       —           1 0         I 

1            0          | 0         I 

1            0          | 0         I 

1            0          | 0         I 

1       —            1 — 

6.04 I   6.05 

0 

0 

0 

0 

0 

0 

0 

0 

Table 19.2 

Number of unresolved NMACs with at least one aircraft having an RA 
(based on simulation truth). 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     285 
Normalizing number for TCAS-TCAS cells:     570 

Aircraft 
i Mode C   I    6.02   I 6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

— 1 36 32 1 

5 0 0 0 1 

8 0 0 0 1 

5 0 0 0 1 

— — — — 1 
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MITRE encounter class: 19    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 19.3 

6/21/94 

Total number of unresolved NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that resulted in an 

NMAC, based on simulation truth):     285 
Normalizing number for TCAS-TCAS cells:     570 

Aircraft 2 
I Mode C   |    6.02   |   6.04 6.05 

A 
i 
r 
c 
r 
a 
f 
t 

Mode C 

6.02 

6.04 

6.05 

5 

8 

5 

1 36 32          | 

0 0 0          I 

0 0 0          I 

0 0 0          I 

— —            1 
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MITRE encounter class: 19    "planned = NON CROSSING"    Date processed: 
TCAS Logic Version 6.04a; All aircraft responding. June 1994 

Table 19.4 

6/21/94 

Number of induced NMACs 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    4008 
Normalizing number for TCAS-TCAS cells:    8016 

Aircraft 2 
I Mode C   I    6.02   |   6.04 6.05 

A 
i Mode C   48 132 115 —    1 
r 
c 6.02 29 197 194 101 1 
r 
a 6.04 68 223 233 105 1 
f 
t 6.05 35 140 176 36 —    1 

1 

Table 19 5 

Number of nuisance RAs with no NMAC 
(based on simulation truth) 

Normalizing number for cells in first row and column 
(number of planned encounters that did not result in an 

NMAC, based on simulation truth):    4008 
Normalizing number for TCAS-TCAS cells:    8016 

A 
i 
r 
c 
r 
a 
f 
t 

Aircraft 2 
| Mode C  I   6.02   I   6.04 

Mode C — 3380 2608 

6.02 3275 6867 6538 

6.04 2597 6715 5521 

6.05 2569 6796 5562 

— — — 

6.05 

2617 

6631 

5651 

5698 
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APPENDIX D 

PARAMETER FILE DESCRIPTION 
AND 

PARAMETER FILE PRINTOUT FOR CLASS 9/19 
6.02/6.02 
6.04/6.04 

6.04a/6.04a 

March 29, 1994 

The following is the intended format of the parameter file. The data 
will not include any header labels. The data will be printed in the 
following order. 

Data_File 
Category 
Table number 
Row number 
Column number 
Reiteration number 
Simulation mode number 
Oeometry_Index 
AC #1 equipage 
AC #2 equipage 
AC #1 responding 
AC #2 responding 
Achieved separation 
Converging RA 
Crossing encounter 
AC #1 TA Sensitivity level 
AC #2 TA Sensitivity level 
AC #1 RA Sensitivity level 
AC #2 RA Sensitivity level 
AC #1 Mode S ID 
AC #2 Mode S ID 
CPA altitude separation 
AC #1 vertical rate 
AC #2 vertical rate 
AC #1 acceleration 
AC #2 acceleration 
AC #1 acceleration time 
AC #2 acceleration time 
Own Alt CPA Achieved 
AC #1 CPA altitude 
RA displayed 

RA selection 

Inhibit indication 

VT Issued RA 
RA 600 FT Rule 
Level Wait 
Defer Display 
Firmness Delay 
logic Crossing 
RA Enable Time 

RA Disabled Time 

RA Start Time 

RA Ending Time 

AC #1 RA Tracked Alt Rate 
AC #2 RA Tracked Alt Rate 
Initially Crossing RA 

alpha-numeric (8 chars.), 
integer (0..19), 
integer (1..5), 
integer(1..5), 
integer(1..5), 
integer(1..999999), (* simulation #*) 
integer(16001..26414) (* simulation id 
integer (1..9999) (* geometry id *) 
integer<0, 60, 64), (* 0 —•> mode C *) 
integer(0, 60, 64), (* 0 —> mode C *) 
integer(0..1), (* 0 - false, 1 - true * 
integer(0..1), (* 0 - false, 1 - true * 
real(0.0..+/-9999.9), (* feet *) 

(* 
<* 

0 - false, 
0 - false, 

1 - true *) 
1 - true *) 

(* 
(* 
(* 

FT 
FPM 
FPM 

*) 
*) 
*) 

integer (0..1), 
integer (0..1), 
integer(0..7), 
integer(0..7), 
integer(0..7), 
integer(0..7), 
integer(0..999), 
integer(0..999), 
real(0.0..+/-9999.9), 
real(0.0..+/-9999.9), 
real(0.0..+/-9999.9), 
real(0.0..+/-0.35?), (* O's *) 
real(0.0..+/-0.35?), (* Q's *) 
real(0.0..-99.9), (* sec. - CPA relative 
real(0.0..-99.9)  (* sec. - CPA relative 
real(0.0..+/-9999.9),  (* FT *) 
real<0.0..+/-9999.9),  (* FT *) 
integer(0..2) 

(* 0 - none, 1 - AC #1, 
2 - AC #2, 3 - both *) 

integer(0..3) 
(* 0 - no selection, 1 - AC #1, 

2 - AC #2, 3 - unknown *) 
integer(0..3) (* 0 - none, 1 - AC #1, 

*> 
*) 

2 - AC #2, 
integer (0..1) (* 
integer (0..1) 
integer (0..1) 
integer 
integer 
integer 
integer 

(0 
(0, 
(0. 
(0. 

•1) 
1) 
1) 

3 - both *) 
0 - false, 1 - true *) 
0 - false, 1 - true *) 
0 - false, 1 - true *) 
0 - false, 1 - true *) 
0 - false, I - true *) 
0 - false, 1 - true *) 

+/-90) (* time RAs were enabled 
-> after CPA,  > before CPA *) 

. +/-9CJ) (* tine RAg wera disabled 
T ->  after CPA, - -> before CPA *) 

xnteger (0..+/-90)  (* time RA« were issued 
+ -> after CPA, - -> before CPA *) 

integer (0..+/-90)  (* tilae liAB  were ended 
+ -> after CPA, - -> before CPA *) 

real (0..+/-9999) 
real (0..+/-9999) 
integer (0..1) (* 0 -> false, 1 -> true *) 
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AC #1 worst RA 
AC #2 worst RA 
AC #1 initial RA 
AC #2 initial RA 
RA sequence time #1 
RA sequence severity #1 
RA sequence time #2 
RA sequence severity #2 
RA sequence time #3 
RA sequence severity #3 
RA sequence time #4 
RA sequence severity #4 
RA sequence time #5 
RA sequence severity #5 
RA sequence time #6 
RA sequence severity #6 
RA sequence time #7 
RA sequence severity #7 
RA sequence time #8 
RA sequence severity #8 
RA sequence time #9 
RA sequence severity #9 
RA sequence time £10 
RA sequence severity #10 
Climb Determination 
Descend Determination 
P0T_AC1 ZD 
P0T_AC2~ZD 
Intruder_receipt_time 
PVMD on cycle prior to POTRA 
PVMD on POTRA cycle 
PVMD on INITIAL RA cycle 

integer(-19..19) 
integer(-19..19) 
integer(-19..19) 
integer(-19..19) 
real(0.0..99.9) 
integer(+/-9..+/ 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/~9••+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0.0..99.9) 
integer(+/-9..+/- 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 
real(0..99999.99) 

(* Most severe RA displayed *) 
(* Same as above  *) 
(* First RA displayed *) 
(* Same as above *) 
(* 1st RA displayed *i 
21)  (* see below *) 
(* 2nd RA displayed *i 
21)  (* see below *) 
(* 3rd RA displayed < 
21)  (* see below *) 
(* 4th RA displayed *] 
21)  (* see below *) 
(* 5th RA displayed *i 
21)  (* see below *) 
(* 6th RA displayed *i 
21)  (* see below *) 
(* 7th RA displayed *i 
21)  (* see below *) 
(* 8th RA displayed *i 
21)  (* see below *) 
(* 9th RA displayed *i 
21)  (* see below *) 
(*10th RA displayed *i 
21)  (* see below *) 

To aid in the proper use of these parameters, the following paragraphs will 
explain exactly what the parameters are. 

DATA PILE - This is the name of the scenario definition file which was used to 
generate the encounter for this data. 

CATEGORY - This is the number which corresponds to the MITRE encounter classes 
(0 - 19). 

TABLE, ROW, & COLUMN NUMBERS - These numbers are indicators to the matrix and 
cell entry which corresponds to the parameter values. 

REITERATION NUMBER - This number is an indication of the reiteration in the 
simulation process.  The number can be used, in conjunction with the next 
number, by the simulation process when it is desired to re-run the simulation 
and select a particular encounter for more detailed review. 

SIMULATION MODE NUMBER - This number is an indication of the equipage pairing 
of the simulation run. This number is used in conjunction with the previous 
number to select a particular encounter to be re-run.  The number is a five 
digit value of the form, XYYZZ.  X is the aircraft indication (1 or 2). 
YY is the logic version of own aircraft ( 60 or 64).  ZZ is the equipage 
pairing identification (1-14). 

GEOMETRY INDEX - This field is an indication of which geometry the simulation 
was running. 

AC #1 EQUIPAGE - This is the logic version of the AC #1 aircraft (0, 60 or 64). 
A value of 0 is entered if the intruder is a Mode C aircraft. 
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AC #2 EQUIPAGE - This is the logic version of the AC #2 aircraft (0, 60 or 64). 
A value of 0 is entered if the intruder is a Mode C aircraft. 

AC #1 RESPONDING - This is an indication of whether AC #1 is responding to 
its RA's. 

AC #2 RESPONDING - This is an indication of whether AC #2 is responding to 
its RA's. 

ACHIEVED SEPARATION - This is the altitude separation at CPA of the "equipped" 
encounter.  The number is computed, using true FTEG position data, by 
subtracting the intruder's altitude from own's altitude. 

CONVERGING RA - This is an indication of an RA which was issued and resulted 
in the two aircraft converging at CPA. 

CROSSING ENCOUNTER - This is an indication that this encounter was a crossing 
encounter.  This parameter is determined by comparing the true FTEG position 
data of the two aircraft.  If a crossing is indicated then a time check is 
performed to see if the crossing occurred within -40 and +10 seconds 
relative to CPA. 

AC #1 TA SENSITIVITY LEVEL - This is the sensitivity level of AC #1 
at TA time. 

AC #2 TA SENSITIVITY LEVEL - This is the sensitivity level of AC #2 
at TA time. 

AC #1 RA SENSITIVITY LEVEL - This is the sensitivity level of AC #1 
at POTRA/RA time. 

AC #2 RA SENSITIVITY LEVEL - This is the sensitivity level of AC #2 
at POTRA/RA time. 

AC #1 MODE S ID - This is AC #l*s Mode S identifier. 

AC #2 MODE S ID - This is AC #2's Mode S identifier. 

CPA ALTITUDE SEPARATION - This is the designed vertical separation at CPA. 
This value is calculated from the scenario definition file information and 
the current reiteration number. The number is calculated by the following 
formula« AC_l_altitude - AC_2_altitude. With the values for the altitudes 
of AC 1 and AC 2 being calculated from the reiteration numbers. 

AC #1 VERTICAL RATE - This is the designed vertical rate of aircraft #1.  This 
value is calculated from the scenario definition file information and the 
current reiteration number. 

AC #2 VERTICAL RATE - This is the designed vertical rate of aircraft #2.  This 
value is calculated from the scenario definition file information and the 
current reiteration number. 

AC #1 ACCELERATION - This is the designed vertical acceleration of aircraft #1. 
This value is calculated from the scenario definition file information and the 
current reiteration number.  A value of 0 indicates that there was no acceler- 
ation applied. 

AC #2 ACCELERATION - This is the designed vertical acceleration of aircraft #2. 
This value is calculated from the scenario definition file information and the 
current reiteration number.  A value of 0 indicates that there was no acceler- 
ation applied. 

AC #1 ACCELERATION TIME - This is the designed vertical acceleration time of 
aircraft #1. This value is calculated from the scenario definition file 
information and the current reiteration number.  A value of 0 in this field 
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can have 2 possible meanings.  1). If there is no acceleration applied as 
indicated by the previous parameter, then this field will also b® 0. 
2) . If an acceleration is applied then a 0 value indicated that th® acceler- 
ation occurred at CPAo 

AC #2 ACCELERATION TIME - This is the designed vertical acceleration time of 
aircraft #2. This value is calculated from the scenario definition file 
information and the current reiteration number.  A value of 0 in this field 
can have 2 possible meanings.  1). If there is no acceleration applied as 
indicated by the previous parameter, then this field will also be 0. 
2) . If an acceleration is applied then a 0 value indicated that th® acceler- 
ation occurred at CPA. 

Own ALT CPA Achieved - This is the achieved altitude of Own aircraft at CPA. 
This valu® is from th® recorded simulation true position data. 

AC #1 CPA ALTITUDE - This is the designed altitude of aircraft #1 at CPA. 
This value is calculated from the scenario definition file information and 
the current reiteration number. 

RÄ DISPLAYED - This is an indication of which aircraft displayed an RA. 
The possible indications are NONE, AC #1, AC #2, or BOTH. 

RA SELECTION - This field is an indication of which aircraft selected the 
RA sense.  The possible indications are NO SELECTION, AC #1, AC #2, 
or UNKNOWN. 

INHIBIT INDICATION - Currently, this field is not used.  A default value of 
zero is used.  The field is retained for possible future use.  Th© intended 
function of this field is to indicate if any aircraft was inhibited at 
any point during the encounter.  The possible indications are NONE, AC #1, 
AC #2, or BOTH.  This parameter is determined by reviewing the climb 
inhibit and descend inhibit flags at start time, TA time, RA time, CPA tim®, 
minimum altitude time, TA end time, and end time. 

VT ISSUED RA - This field is an indication that the logic associated with th® 
reduced vertical tau led to OWN's RA selection.  This field is a 6.04 logic 
specific flag.  For the parameter file, this flag is set to true if it was 
true at any time during the encounter. 

RA 600 FT RULE - This field is an indication that the logic known as "Th® 600 
FT RULE"  led to OWN's RA selection.  For th© parameter file, this flag is s®t to 
true if it was 
tru® at any time during the encounter. 

LEVEL WAIT - This field indicates that OWN aircraft was in a "1®V®1 wait" 
state before issuing an RA.  For th® parameter file, this flag is set to tru® if it 
was 
true at any time during the encounter. 

DEFER DISPLAY - This field indicated that OWN aircraft was in a "defer 
display" state befor® issuing an RA.  For the parameter file, this flag is set to tru® 
if it was 
tru® at any time during the encounter. 

FIRMNESS DELAY - This field indicates that OWN aircraft was in a "firmness 
delay" state before issuing an RA.  For the parameter file, this flag is set to true 
if it was 
tru® at any time during the encounter. 

LOGIC CROSSING - This field is an indication that either of the CAS logic 
flags OCROSS or ICROSS was set. 

NOTES THE FOLLOWING 4 FIELDS ARE TIMES RELATIVE TO CPA.  CONSIDERING THE 
FORMAT OF THE SCENARIO DEFINITIONS, THESE FIELDS MAY CONTAIN THE FOLLOWING 
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"SPECIAL NUMBERS".  A TIME OF -60 s INDICATES THE EVENT OCCURRED AT THE 
START OF THE ENCOUNTER RUN.  A TIME OF +30 s INDICATES THAT THE EVENT 
OCCURRED AT THE END OF THE ENCOUNTER RUN. 

RA ENABLE TIME - This field is an indication of the time, relative to CPA, 
that OWN's RAs were enabled. (- -> before CPA, + -> after CPA) 

RA DISABLE TIME - This field is an indication of the time, relativ* to CPA, 
that OWN's RAs were disabled. (- -> before CPA, + -> after CPA) 

RA START TIME - This field is an indication of the time, relative to CPA, 
that the first RA of OWN was issued. (- -> before CPA, + -> after CPA) 

RA END TIME - This field is an indication of the time, relative to CPA, 
that the last RA of OWN was ended. (- -> before CPA, + -> after CPA) 

AC #1 RA TRACKED ALT RATE - This field is the tracked altitude rate of the 
AC #1 aircraft at the time of the RA. 

AC #2 RA TRACKED ALT RATE - This field is the tracked altitude rate of the 
AC #2 aircraft at the time of the RA. 

INITIALLY CROSSING RA - This field is an indication that the first RA 
issued by OWN was a crossing RA based on the geometry of the encounter and 
recorded track data.  The recorded track position data, along with the sense 
of Own's RA, is used to determine if the sense of the RA is toward the 
intruder aircraft.  Additionally, the magnitude of the altitude difference 
of Own and Intruder is checked to ensure the separation is greater than 
100 feet. 

AC_#l_worst_RA - This field is an indication of the most severe RA displayed 
by AC #1;  see the translation table below.  Currently, we are only 
recording 1 point of view.  Therefore, this field will only be meaningful 
if the data is recorded from AC #l's point of view; otherwise, this field 
will contain a 0. 

AC_#2_worst_RA - Currently, this field in not used.  The intent of this 
field is to indicate the most severe RA displayed by AC #2; 
see the translation table below.  Currently, we are only 
recording 1 point of view.  Therefore, this field will only be meaningful 
if the data is recorded from AC #2's point of view; otherwise, this field 
will contain a 0. 

AC_#l_init_RA - This field is an indication of the first RA displayed 
by AC #1;  see the translation table below.  Currently, we are only 
recording 1 point of view.  Therefore, this field will only be meaningful 
if the data is recorded from AC #1•s point of view; otherwise, this field 
will contain a 0. 

AC_#2_init_RA ~ The intent of this field is to give an indication of the 
first RA displayed by AC #2; see the translation table below.  Currently, 
we are only recording 1 point of view.  Therefore, this field will only be 
meaningful if the data is recorded from AC #2•s point of view; otherwise, 
this field will contain a 0. 

NOTE: For the following tables + = climb sense, - = descend sense. 

(* 0 —> Only surveillance data on intruder. *) 
(* 1 —> Qualified for CAS evaluation. *) 
(* 2 —> Intruder declared a Proximity target *) 
(* 3 —> Intruder declared a TA non Mode C with TCAS on ground *) 
(* 4 —> Intruder declared a TA Mode C with TCAS on ground *) 
(* 5 —> Intruder declared a TA non Mode C with no aurals generated  *) 
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6 
7 
8 
9 
10 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 

—> 
—> 
—> 
—> 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Intruder declared a TA Mode C with no aural« generated *) 
Intruder declared a TA non Mode C *) 
Intruder declared a TA Mode C *) 
Intruder meets RA criteria but the RA is being deferred *) 
RA was issued but not sure what it was; used for liva data *) 
—> 
—> 
■—> 

—> 
—> 

—> 
—> 
—> 
—> 
•—> 

a negative advisory limit rate to 2000 FPM *) 
a negative advisory limit rat© to 1000 FPM *) 
a negative advisory limit rate to 500 FPM  *) 
negative advisory i.e. don't climb or donf descend *) 
positive advisory of a preventive nature *) 
positive advisory of a corrective nature  *) 
a maintain rate RA *) 
when either ICROSS or OCROSS is set *) 
an increased rate RA *) 
a sense reversal RA *) 
an increase rate RA after a reversal RA *) 
ADVISORY INVALID, no longer used; should not be seen *) 

NOTES 

The next two fields are repeated a total of tea times.  They are the 
tine and display information for RA'«.  The fields are an indication of 
the «equence in which RA's were displayed during an encounter.  Due to the 

■SShif^/E"* Z*  thB reCOrdinSr Proce88' «*Y ten entries are per- 
J£?!*7       there happened to be an encounter which had a sequence of RA's 
which was greater than ten, then the first RA, the worst RA, and the JLt 
RA are definitely kept.  The RA's which would be missing would be late" RA'. 

seo^n™ £** Tre ?0t the W°rSt °r laSt'  Ths «««rreaSe of such a long sequence is extremely rare. *w"a 

RA SEQUENCE TIME #1 - This field is the time of OWN'«  first RA.  NOTE, 

POTR!."
8
 
arS reC°rdlnS iafo"»«tion about POTRA, this time may actually be for a 

RA SEQUENCE SEVERITY #1 - This field contains a numeric code indicating the 
RA displayed by OWN.  This code is the same one which is used for SeIcJl/3 
WORST RA present above,  since this field is only concern«! wiS RA^s Sen ' 
the value will be greater than 8 in magnitude» 

^SJS^aXKSl°M " T-iS fieM contaias ZMPC"S> the modelling value of the 
R^! if available    ^^ *  C    BenS8 maneuver at the time of the first 

DESCEND DETERMINATION -This field contains ZMPDES, the modelling value of the 

£! LS  avalSbTe! " "Sin9 * ^^ SenBe "»«™ at the S^oIS. iLst 

pSrSk?1-215 " ThlS fi6ld COntains the ^CKED altitude rate for AC1 at the time of a 

cfV^Ssä." ThiE field COntains tne BACKED altitude rate for AC2 at the time 

rec^v^-rCei^-time " Thi8 field coat«i«s the time that a message was first received from the TCAS intruder aircraft. 

PVMD on cycle prior to POTRA - This field contains the predicted vertical miss 
distance (PVMD) calculated by CAS for the cycle time exactly prior to the first 
POTENTIAL RA CYCLE (POTRA). 

PVMD on POTRA cycle    - This field contains the predicted vertical miss distance 
(PVMD) calculated by CAS for the cycle time of the first POTENTIAL RA CYCLE (POTRA). 

PVMD on INITIAL RA cycle   - This field contains the predicted vertical mis« distance 
(PVMD) calculated by CAS for the cycle time of the INITIAL RA CYCLE (RA). 
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APPENDIXE 

SUMMARY NMAC TABLES 

MITRE encounter classes:  0,10 Date processed:  6/22/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00 Significance threshold (») = 1.0 % 

Table 0.3 Percent  of unresolved failures 

|        6.02      |        6.04      |        6.04A   1      6.02/1      6.02/1      6.04/1 
I       only     |        only     |        only     |        6.04     |        6.04A   |        6.04A   | 

!                      1                       1                      1                      II                      t 
TCAS-TCAS          1        0.000   1        0.000   1        0.000   |        0.000   |        0.000   1        0.000   1 

I               I               i               I               i              :              i 
" One Mode C       1        0.000   |        0.000   1        0.000   |        |        1        1 

Table 0.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

I     6.02/1     6.02  / 
I        6.04     |        6.04A 

1 6.04 / | 
I        6.04A   | 

TCAS-TCAS 0.000 0.000 0.000 
1                      1 
1        0.000   |       0.000 

1 1 
I        0.000   I 

One Mode C 0.000 0.000 0.000 
1                      1 1 1 

1         1 

Table 10.3 Percent of unresolved failures 

I        6.02      |        6.04      |        6.04A   |     6.02  /   |     6.02  /   |     6.04  /   | 
I       only     |        only     |        only     |        6.04     |       6.04A   |        6.04A   | 

1                      II                      II                     1                      1 
TCAS-TCAS          |        0.000   1        0.000   1        0.000   1        0.000   |       0.000   1        0.000   | 

II                       1                      1                      1                     1                      1 
One Mode C       1       0.000   I       0.000   1       0.000   1        1        I I 

Table 10.4 Percent of induced failures 

I        6.02      |        6.04      |        6.04A   |      6.02   /   |      6.02   /   |      6.04   /   | 
I       only     |        only     |        only     !        5.04     |        6.04A   |        6.04A   | 

II                       1                      1                      1                      1                      1 
TCAS-TCAS          |        0.000   I        0.000   |        0.000   |        0.000   |        0.000   1        0.000   | 

II                        1                       1                       1                       1                       1 
One Mode C       |       0.000   I       0.000   1       0.000   I        1        1        1 
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MITRE encounter classes:  1,11    Date processed:  6/22/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 1.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A | 
only  | 

6.02 / 
6.04 

6.02 / I 
6.04A | 

6.04 / I 
6.04A | 

TCAS-TCAS 0.000 0.000 
1 

0.000 I 0.000 
1 

0.000 | 
U 

0.000 | 

One Mode C 0.000 0-000 
1 

0.000 |     
1        1 

 1    | 

Table 1.4 Percent of induced failures 

|   6.02  |   6.04  |   6.04A |  6.02 / |  6.02 / |  6.04 / | 
I  only  1  only  I  only  I  6.04  I  6.04A I  6.04A | 

I        1         1         1        1        II 
TCAS-TCAS    |   0.000 I   0.000 1   0.000 |   0.000 1   0.000 |   0.000 1 

1        1         1         1        1        1        1 
One Mode C  1   0.000 1   0.000 1   0.000 1        1  -    1        1 

Table 11.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A | 
only  | 

6.02 / 
6.04 

6.02 / | 
6.04A I 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 
1 

0.000 I 0.000 
1 

0.000 I 
1 

0.000 | 

0.000 0.000 
1 

0.000 I 
1 1 

... ... 1 One Mode C 1 

Table 11.4 Percent of induced failures 

|   6.02  |   6.04  |   6.04A |  6.02 / |  6.02 / 1  6.04 / | 
I  only  I   only  I  only  |   6.04  I   6.04A I   6.04A I 

1        1        1        II!        1 
TCAS-TCAS    |   0.000 I   0.000 |   0.000 |   0.000 1   0.000 |   0.000 1 

1         1         1         1         1         1         1 
One Mode C  I   0.000 1   0.000 1   0.000 I !        1        1 
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MITRE encounter classes:  2,12    Date processed:  6/22/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 2.3 Percent of unresolved failures 

6.02 
only 

6.04 | 
only     I 

6.04A | 
only     | 

6.02   / 
6.04 

6.02 / | 
6.04A   | 

6.04 / | 
6.04A   | 

TCAS-TCAS 0.000 

** | 

0.579   I 

** 1 

0.579   I 

** 
0.116 

**                       j 

0.116   | 

** i 

0.579   | 

One Mode C 0.231 
** » | 
1.620   | 

** » | 
1.620   I 

1 
 | 

1 

Table 2.4 Percent of induced failures 

I        6.02      |        6.04     |        6.04A   |      6.02   /   |     6.02  /   |     6.04  /   | 
I       only     |        only     |       only     |        6.04     |       6.04A   |        6.04A   | 

|                      |        **  »   |        **  >>   |                      |                      |        **  »   | 
TCAS-TCAS          |        0.396   |        1.715   |        1.715   |        0.594   |        0.594   |        1.715   | 

1                       1                        II                       1                       1                       1 
One Mode C       1        8.641   1        7.685   1        7.685   1         I        1        1 

Table 12.3 Percent of unresolved failures 

6.02      |        6.04 
only     |       only 

6.04A 
only 

6.02   / 
6.04 

6.02  /   | 
6.04A   | 

6.04   /   | 
6.04A   | 

TCAS-TCAS 0.000   |        0.000 0.000 0.000 
1 

0.000   I 
1 

0.000   | 

One Mode C 0.000   I        0.000 0.000 
1 

 1 
1 

 | 

Table 12.4 Percent of induced failures 

I        6.02     |        6.04     |        6.04A   |     6.02/1     6.02/1     6.04/1 
I       only     |        only     |       only     |        6.04     |        6.04A   |        6.04A   | 

1                      1        **          1        **          1                      1                      1        **          1 
TCAS-TCAS          |        0.000   |        0.046   |        0.046   1        0.000   |       0.000   |        0.046   | 

1                       1                       1                       1                      1                      1                      1 
One Mode C       I       0.465   1       0.604   |       0.604   |        |        |        | 
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MITRE encounter classes:  3,13    Date processed:  6/20/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 3.3 Percent  of unresolved failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02   / 
6.04 

6.02 / | 
6.04A   | 

6.04   /   | 
6.04A   | 

TCAS-TCAS 0.000 0.000 0.000 0.000 
1 

0.000   I 0.000   I 

One Mode C 2.310 4.484 4.484 
1 

 1 

Table 3.4 Percent of induced failures 

|        6.02     |        6.04     |        6.04A   |     6.02   /   |     6.02  /   1     6.04  /   | 
I       only     |       only     I       only     |       6.04     |       6.04A   I       6.04A   | 

1                     1                      1                      1                      1                     1                     1 
TCAS-TCAS          I        0.000   1        0.000   1        0.000   |        0.000   |       0.000   |        0.000   | 

1                       I                       1                       1                       1                      II 
One Mode C        |        0.000   1        0.000   1        0.000   1                      1                      II 

Table 13.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A   | 
only     | 

6.02   / 
6.04 

6.02   /   | 
6.04A   | 

6.04  /   I 
6.04A   | 

TCAS-TCAS 0.000 0.000 
1 

0.000   | 0.000 
1 

0.000   | 0.000   | 

One Mode C 0.781 0.781 
1 

0.781   I ______ 
1 

Table 13.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02   / 
6.04 

6.02   / 
6.04A 

6.04 / | 
6.04A   | 

TCAS-TCAS 0.000 
* * 
0.467 

** 
0.089 

** 
0.178 

** 
0.089 

** | 
0.234   | 

One Mode C 0.178 
* * 
0.823 

** 
0.667 
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MITRE encounter classes:  4,14    Date processed:  6/22/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 4.3 Percent of unresolved failures 

6.02  | 
only  | 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 
1 

0.000 | 0.000 0.000 0.000 0.000 0.000 | 

" One Mode C 
1 

0.000 } 0.000 0.000 

Table 4.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 0.000 0.000 0.000 0.000 | 

One Mode C 0.000 
** 
0.329 0.000 

Table 14.3 Percent of unresolved failures 

1   6.02  |   6.04  |   6.04A |  6.02/1  6.02/1  6.04/1 
1   only  |   only  |   only  |   6.04  |   6.04A |   6.04A | 

TCAS-TCAS    |   0.000 |   0.000 |   0.000 |   0.000 |   0.000 |   0.000 | 

One Mode C  |   0.000 I   0.000 |   0.000 I   |   -   |        | 

Table 14.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 0.000 0.000 0.000 0.000 | 

One Mode C 0.000 0.000 0.000   
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MITRE encounter classes:  5,15    Date processed:  6/20/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 5.3 Percent of ,-nresolved failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 0.000 0.000 0.000 0.000 I 

One Mode C 4.367 6.076 6.139 

Table 5.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.053 
* * 
0.347 

* * 
0.347 0.107 0.107 

** | 
0.347 | 

One Mode C 2.885 3.632 3.566   

Table 15.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 0.000 0.000 0.000 0.000 | 

One Mode C 18.919 17.568 16.892 

Table 15.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A | 
only"  | 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 
* * 
0.972 

* *    1 
0.729 I 

** 
0.365 

** 
0.191 0.903 I 

One Mode C 0.556 0.313 
1 

0.521 | 
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MITRE encounter classes:  6,16    Date processed:  6/24/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 % 

Table 6.3 Percent of unresolved failures 

6.02 
only 

6.04 | 
only  | 

6.04A | 
only  | 

6.02 / 
6.04 

6.02 / I 
6.04A | 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 

** | 

0.289 I 

** 1 

0.810 | 

** 

0.116 
1 

0.231 I 

** 1 

0.492 | 

- One Mode C 3.241 
** » | 
7.350 | 

1 
5.498 I 

1 
 | 

Table 6.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A | 
only  | 

6.02 / 
6.04 

6.02 / | 
6.04A I 

6.04 / | 
6.04A | 

TCAS-TCAS 0.379 

* * 

0.813 
1 

0.163 I 0.494 
1 

0.264 | 
1 

0.433 | 

One Mode C 0.813 1.151 
1 

1.002 | 
1 

 I 
1 

 1 

Table 16.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A |  6.02 / 
only  |   6.04 

6.02 / I  6.04 / 
6.04A |   6.04A 

TCAS-TCAS 

One Mode C 

0.000 

0.000 

0.000 

0.000 

I 
0.000 0.000 0.000 I   0.000 I 

I 
0.000 I 

Table 16.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A | 
only  | 

6.02 / 
6.04 

6.02 / | 
6.04A | 

6.04 / | 
6.04A | 

TCAS-TCAS 0.503 0.771 
1 

0.034 | 0.519 
1 

0.218 | 
1 

0.235 | 

One Mode C 0.469 0.905 
1 

0.670 | 
1 

 | 
1 

 1 
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MITRE encounter classes:  7,17    Date processed:  6/24/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») = 1.0 ^ 

Table 7.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / 
6.04A 

1 
1 

TCAS-TCAS 0.000 
* * 
0.166 

** 
0.166 0.000 0.000 

** 
0.166 

r 
i 

One Mode C 4.760 8.940 8.982 
i 
i 

Table 7.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / |  6.02 / |  6.04 / | 
6.04  |   6.04A |   6.Ö4A | 

TCAS-TCAS 0.971 1.912 
** » 
1.962 1.337 |   1.357 i   1.937 | 

One Mode C 9.371 9.672 9.852 

Table 17.3 Percent of unresolved failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 0.000 0.000 0.000 0.000 0.000 | 

One Mode C 20.455 13.068 13.068 

Table 17.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.090 
+ * 

0.377 
+ * 

0.252 0.099 0.090 
* *         | 
0.297 | 

One Mode C 0.000 
+ * 

0.485 
* * 
0.557 
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MITRE encounter classes:  8,18    Date processed:  6/25/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00     Significance threshold (») =  1.0 % 

Table 8.3 Percent of unresolved failures 

I   6.02  |   6.04  |   6.04A |  6.02/1  6.02/1  6.04/1 
I   only  |   only  |   only  |   6.04  |   6.04A |   6.04A | 

1        I   ** >> 1   ** >> 1   **    1   **    1   ** >> 1 
TCAS-TCAS    |   0.000 |   1.157 |   1.157 |   0.424 |   0.424 |   1.157 | 

1         |   ** >> |   ** » |         |         |         | 
One Mode C   I   1.813 1   6.713 I   6.250 I    I   I   | 

Table 8.4 Percent of induced failures 

6.02 
only 

6.04  | 
only  | 

6.04A | 
only  | 

6.02 / | 
6.04  | 

6.02 / | 
6.04A | 

6.04 / | 
6.04A | 

TCAS-TCAS 0.378 
**» | 
2.031 I 

** » | 
1.872 | 

** » | 
1.016 | 

** » | 
1.006 | 

** » | 
1.946 I 

One Mode C 6.521 
1 

6.521 | 
1 

6.601 | 
1 

 | 
1 

 | 

Table 18.3 Percent of unresolved failures 

1   6.02  )   6.04  |   6.04A |  6.02 / |  6.02 / |  6.04 / | 
I   only  |   only  |   only  |   6.04  |   6.04A |   6.04A | 

1        1        1        1        1        1        1 
TCAS-TCAS    |   0.000 I   0.000 |   0.000 |   0.000 |   0.000 |   0.000 | 

I         1         1         1         1         1         1 
One Mode C  1  0.000 1   0.000 I   0.000 I   |   |   | 

Table 18.4 Percent of induced failures 

1   6.02  |   6.04  |   6.04A |  6.02 / |  6.02 / |  6.04 / | 
I   only  |   only  |   only  |   6.04  |   6.04A |   6.04A | 

1        1**1        1        1        I        I 
TCAS-TCAS    |   0.254 |   0.527 |   0.309 |   0.381 |   0.227 |   0.445 1 

1         1         1         1         1         1         1 
One Mode C   |   1.216 |   2.324 |   1.634 |    |    |    | 
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MITRE encounter classes:  9,19 Date processed:  6/23/94 
Based on FAA Technical Center data of :  3/25/94  All TCAS Responding 
Failure : separation at CPA <= 100 ft based on simulation truth 
Ratio threshold (**) =  2.00 Significance threshold (>>) = 1.0 % 

Table 9.3 Percent  of unresolved  failures 

I   6.02  |   6.04  |   6.04A |  6.02/1  6.02/1  6.04/1 
|   only  |  only  I  only  I   6.04  I   6.04A I   6.04A | 

1         1   **    1         1         1         1   **    1 
TCAS-TCAS    I   0.000 |   0.173 |   0.000 |   0.000 1   0.000 |   0.043 | 

|         |   ** » |   ** » |        |        1        | 
One Mode C   1   1.554 |   6.908 1   6.822 |   1   1    1 

Table 9.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6-04A | 

TCAS-TCAS 0.017 
* * 
0.224 

** 
0.310 0.034 

• * 

0.043 
** | 
0.215 I 

One Mode C 0.155 
** 
0.430 0.121 

Table 19.3 Percent of unresolved failures 

6.02 
only 

6.04  | 
only  | 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 0.000 
1 

0.000 | 0.000 0.000 0.000 0.000 | 

One Mode C 1.053 
** » | 
7.719 | 

** » 
6.491 

Table 19.4 Percent of induced failures 

6.02 
only 

6.04 
only 

6.04A 
only 

6.02 / 
6.04 

6.02 / 
6.04A 

6.04 / | 
6.04A | 

TCAS-TCAS 2.458 2.907 0.449 2.601 1.503 1.753 | 

One Mode C 0.961 
** » 
2.495 1.871 
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APPENDIX F 

NMACs AS A FUNCTION OF PARAMETER VALUES 

175 



U-J 

MMSC 
mo — 
txt- 

u — 

KIMU 

s>«-u 
EUU 
® <£ << 
L. 
m 
a. 

°a    IU 
»cMi- 

3<Q£ 

a»«-i— 
t-o< 

O.UJ 
USA 

■o 

3 

> «. « 
«WO 

— UU 
O.E  • 

— «D.O. 
« «-E 
—* AS O 
3 0-CJ 
2C 

»•EO 
oasu 

«E.O 
>- OE 
SU2 

ON» 
UUUI 
w<fl! 

>»*-l/> 
UUUI 

« 
D MO 
cruuj 

U.«~0 
uiu 

. «c 

3 _J 
Q. O 
CX       (J 
a. =5 
JO 
JU 

3C m 
< i- 
o: en 
o CO 
o < 
at _i 
a. u 

oo 

t oo 
I   00 00 

oooo 

oooo 
oo CM oo IM 

T^N-KIM 

oooo 

• oooo 
■ OOCMOOCM 

«4-in^r*- 

oooo 

i oooo 
> CO COM CM 

i mo • 
■ CMCM  • 

• ino ■ 
t CMCM  I 

■ moo ■ 
• CMMCM I 

in in in in in in 
«-to CM 

■ ooo o 

mm 
m«- 

oo 

■ oo • 
• oo ■ 
oo 
»oin 

oo 

■ oo • 
■ oo ■ 
oo 
Mm 

oo 

• oo ■ 
■ OO t 
oo 
Mm 

ooo • 
o     o • 

• ooo • 
I o     o ■ 

oooo 

ioooo■ 
Ioooo■ 
oooo 

oo 

■ oo 
i oo 
oo 
mm 

ooo 
ooo 

inmo 
r-CMin 

ooo 
ooo 

I        •     a     • 
0   OOO 

oinin 
inr>-cM 

«-NNNKB inK'Oint-(MO^'-wom<MNn>co^sa 
«-M  i-M*-»-CM  m  CMCM  •*    »-«- 

N**lflOi-«*^tnM«-inNSNN^fOMOO  M«-«*0< 
CM  «-«-      «-  CM    «-CM    v-«-    «-  «— 

O 
O 

• O 
m 
CM 

-MCMCMI«l«»r»-«-K!*»H>  -J-OOsO 

OOO«-«- 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
«—w—«—OO 
OOOOO 
OOOOO 

mm 
CMCM 

oo 
oo 
oo 
oo 
oo 
oo 
oo 

oooo 
oooo 
oooo 
oooo 
oooo 
oooo 
ooo«- 
«— «— «—O 
OOOO 

oooo 
oooo 
oooo 
oooo 
oooo 
oo«-«- 
«-»-oo 
oooo 
oooo 

oooo 
ooo«- 
oooo 
«—«— «—O 
oooo 
oooo 
oooo 
oooo 
oooo 

•-oooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 

-CMCMCM>*«tf'«a-e0e0CMCMCM00e0<O>O'>O»O 

«-«-CM CM CM CM 

OOOOOOOOOOOOOOOO«— «-«-«- 
oooooooooooooo«-»-oooo 
oooooooooooooooooooo 
ooooooooooo»-«-«-oooaoo 
oooooooooooooooooooo 
o ooooo ooo«-«-oooo ooooo 
ooooo«—«-«-«—ooooooooooo 
oo«-«-«-o oo o ooooo oooo oo 
«-«-00000000 00000000 00 

- CM (M CM <*•>*•*•>* 00 00 CM CM CM 00 00<0>0<OM] 
M mo CM CM in in mm 

«-«-CM CM CM CM 

ooooooooooo«-«-»-«- ooo 
oooooooo«-«-«-oooo ooo 
ooooooooooooooo ooo 
oooooo«-«-ooooooo ooo 
ooooooooooooooo ooo 
oooo«-«-ooooooooo ooo 
00«-«-00000000000 ooo 
ooooooooooooooo OOi- 
«-•-0000000000000 «-»-o 

- *-«*•«' SS CO CM CM CO 80 0044 «a »o 
MM CM CM CM in in in in 

«-«-«- CM CM CM CM 

mmininm 

in in in in in 
^0^0 *o *o >0 

•"Ä" >3" •** ^ "-^ 

*$• ^ «^ sj *tf 

nnMwn 

mininmmmmmininininmmmmmmm    mmmmmmmmmmmmmmmmmminin 

in in in in in in in in in in uiin in in in in in in in    mmminmminminmmminminmminmin 

mmmmmmmmmmmmmmm mmtn 
«0«0<O<O^*O>0^O*0*0^0M)«0^}  *0«OM3 

in in in in in in in in in in in in in in in ininm 
«O *© *© v0 *ö *0 »O >0 *0 >0 '•O M3 *0 *0 M3  *OM3M3 

CMCMCMCMCM  CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM in in in in in in in ui in in in in in in in in in in inin  «o •& -o -O >o «o -o >0 •« *0 -O >C <o *> >0 *0>o»O 

176 



CM oooo oo OO 

U_l << 
(U 

 iOOOO 
 OOOOCMIM 

msnN 

1    1    1    1 

7
5
0
0
.
 

3
7
0
0
.
 

7
5
0
0
.
 

3
7
0
0
.
 

i   i 
>   i 

tu 
a. OO ooo oo 

1
9
9
5
.
 

A
C
2
 

T
I
M
 

■i   t   imo■*   ii 
>    1    t    ■  OJCM  •    •    »    • 

■   i 

I    1    1    1 
1    1    1    1 

iii *   i   i   i   i   )   t   )   )   )   i   i   i   )   i   ) omo i   i 
•   i   i   i   i   i   i   i   i   i   i   i   i   i   •   i   i   i   i   i   )   i   i   > forurv) >   > 

III 

i   i   i   •   i   i   i   i   i   i   ■   i   imo i   i 
■    t    i    i    t    i    )    i    i    i    i    i    i (MCM  i    • 

t    1 

>   i 

23
 
M
a
r
 

A
C
1
 

T
I
M
 

1    B    1    t    t    I    I    I     g    e 
t    g    *    i    t    g    g    i    g    g 

III! 
1    1    1    1 

i   •   •   •   i   i   i   i   i   i   ■   i   *   i   i   >   «   )>   i   i   i   i   i   >   i   i   >   i 
l     t     I     i     i     •     i     i     i     i     i     i     t     i     g     t     i     i     t     i     i     •     i     t     ■     i     g     i     ■ 

•    1111111111111)11 
1    1    t   1   »   1    1   t    )    )    1    I   I    )    1   t)   ) 

■ ■ 
■ i 

i.
 
 
T
h
u
,
 

A
C
2
 

A
C
C
 

0
.
1
5
 

0
.
3
5
 

0
.
2
5
 

1    1   1   1 
1    1    1    1 

mmmmmmm 
T-eviroKio*-t\j 

lllllllllllllltll         •••>•■•■       lift 
i)    »i)•iiiiiii)it     )OOOOOOOii)ii 

1    I    1    1 -
0
.
2
5
 

0
.
1
5
 

-
0
.
1
5
 

t   i 
i   i 

a 
r
a
m
e
t

 e
n
 

A
C
1
 

A
C
C
 

1     1     1     1     1     I     t     1     1     1 
11111)1111 

lilt 
1    1   1   1 0

.
2
5
 

0
.
0
5
 

0
.
1
5
 

0
.
0
5
 

0
.
2
5
 

0
.
1
5
 

■   i 
)   ) 

e
l
u
d
e
d
 
pi
 

A
C
2
 

R
A
T
E
 

1111111)11 
*     1     I     t     1     1     1     I     1     1 

-
3
0
0
0
.
0
 

-
5
0
0
0
.
0
 

5
0
0
0
.
0
 

1
0
0
0
.
0
 

-
1
0
0
0
.
0
 

-
3
0
0
0
.
0
 

-
5
0
0
0
.
0
 

5
0
0
0
.
0
 

-
5
0
0
0
.
0
 

i   i 
i   i 

) 
a
r
e
 
ex
 

AC
1 

R
A
T
E
 

)     t     )     1     t     )     1     1     1     ) 
I     I     1     1     1     1     >     1     1     ■ 

1    1    1    1 
1    1    1    1 

3
0
0
0
.
0
 

1
0
0
0
.
0
 

5
0
0
0
.
0
 

-
5
0
0
0
.
0
 

-
1
0
0
0
.
0
 

-
3
0
0
0
.
0
 

i    i 

a. ui 
u</> 

-
5
0
0
.
0
0
 

1111 
1    I   I   1 

-
2
5
0
.
0
0
 

2
5
0
.
0
0
 

5
0
0
.
0
0
 

7
5
0
.
0
0
 

t   i    ■   t   t   g    g   e   g    g    g    g    g    t    g   g   g 

■    >    I    t    t    g    I    t    g    g    g    g    g    t    g    g    g 

)    ) 
)    ) 

0) 
*-r\.i «-CM «-CM »-CM 

M
u
l
t
i
p
l
e
 
V
a
l
u
e
d
 
P
a
r
a
m
e
t
e
r
 

P
a
r
a
m
e
t
e
r
 
 
 
 
 
 
 
 
 
 
 
 
HI
 

C
o
m
b
.
C
o
d
e
 
 
 
C
O
U
N
T
 
 
 
 
 
ID
 

1     1     1     1     1     1     1     1     1     I 
)     1     )     1     1     <     1     I     I     1 

1    1 
I    1 

t     ■     g     t     g     g     g     (     t     g     g     g     1     g     g     1     1     g     g     g     g     g     1     g     g     g     g 

•     ■     g     ■     •     g     g     >     *     g     g     g     *     g     g     1     t     g     g     t     g     g     g     g     g     g     g 
g   g   g   g   g   g   g   g   i   g   g   t   g   t   g 

■    tgggtggiggggtg 

*0(\J^-sOf\JO<\J<\l-J-sJ- CM CM (\J CM I\I ■» CM *■> oo K> m co ro CM ro <o co N- o> eo t> «- «- m CO «- oo >» in m <o m «- 
oo    mmeoropocM        CMCOCMKI^O            K»«4-Nj><o?-cMinr*-fM '0>S-eO»-«-N.|Vll)Ot>rOgVl1s.o«»*OMS. 

CM     «—«-      CM          •-          CM     CM«-«- 
**** 
N.,- 

0
1
0
0
0
0
0
0
0
 

0
0
0
0
0
1
0
0
0
 

0
0
0
0
0
1
0
0
0
 

0
0
0
0
0
1
0
0
0
 

0
0
0
0
0
0
0
1
0
 

0
0
0
0
0
0
0
1
0
 

0
0
0
0
0
0
0
0
1
 

0
0
0
0
0
0
0
0
1
 

0
0
0
0
0
0
0
0
1
 

0
0
0
0
0
0
0
0
1
 

1
0
0
0
0
0
0
0
0
 

1
0
0
0
0
0
0
0
0
 

0
0
0
1
0
0
0
0
0
 

0
0
0
1
0
0
0
0
0
 

OOOOOOOOOOOOOOOOOOOOOOOOOOO«-«- 
OOOOOOOOOOOOOOOOOOOOOOOO«—«—«-OO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOO«—«—«—«—«— «—«—OOOOO 
OOOOOOOOOOOOOO«—«— «—OOOOOOOOOOOO 
OOOOOOOOO«—«—«—«-«—OOOOOOOOOOOOOOO 
oooo oo«-«-«-ooo OOOO OOOOOOOOOOOOO 
OO«-«- «—«—OOOOOOOOOOOOOOOOOOOOOOO 
«-«-000000000000000000000000000 

oooooo oooooooooo- «- 
ooooooooooooo«-«-oo 
ooooooooooooooooo 
0000000000«-«-«-0000 
OOOOOOO«—«—«-0000000 
00000«-«-0000000000 
OO«—«— «— oooooooooooo 
ooooooooooooooooo 
«-«-OOOOOOOOOOOOOOO 

oo 
OO 
oo 
oo 
oo 
oo 
oo 
oo 

■ 

XI E 
H- EO 
ozu *?"»-" 

U
M
T
)
 

C
o
m
 

N
m
b
 

<MCNjrNjr\jeoeo<0*o^>'0 
rowMNCvimininin 

T-*-PJ(MN(M 

n—<r° 00 OQ «-«-CMCM(MCM^«*'<>l'a}00e0«)C0^'O^>CMCMCMCMCMCMCMe0C0e0<O>O 
«-•-«-MioinnnioKKMiMNinin 

«-«-«- CM CM 

«- «- •* ■>» •* 03 eo >o NO >o CM CM CM CO oo <o >o 
«-«-«-MnMNlMlftlfl 

«-«-CM CM 

<!—•<;-> 

OCMM 
uum 
w<0£ 

V"»- 

>.«-!/> 
uum ,j—«r—«a—t^-*■-v—«s-~ «■-«"—<j—%?—*r—^> *— «j— tF» *— <J—tr* 

C<0£ 
0) 
3 (MO 
□"UUI 

mmmmmmmmmm 
"O "O *«Q >0 ^ *«0 ^O ^O ^O *ö 

mmmm minifiininiAtniriiriminininu^intrgininiriinininininmmmmm 
<0>0'0>0*0'0<0>0'0'0<0'0<0^<0>0<0^)^<0%0^^)<0<0^^<0<0 

mmiAmmmmmmmmmmmmmm mm 

UUI • < 
mmmmmmmtnmm miAmm mmmmmmmmmmmmmmmmmmmmmmmmminminm 

<0'0'>0>0«0'0<0<0'0<0<0<0^'0'0'>0<0^<0<0<0^>0<0^'0>0^<0 
mmmmmmmmmmmmmmmmm mm 

sO>0 

=>    -i 
O-     o 
QC       U 

^^■-^■^NI-NJ-^^-^.4- st^t***» N*sj-**-^'^-^>*Nt>»>»%*^ssr^^s*^>t^*^*,'»*N3r'»***'«*-**>i''4''.tfi 
^>»sts*^'st*d->S'^t«**«*4,sJ'sJ''^''4'Nt%t **** 

a. Dt 
-JO 
—i at: 

^»^'^■s*^'s^^^^^- <4>«4-**-^ Ni*^s«'^^'^^-^^-^^-<^-^-^-^^^^^s^^-^>^>s4>%]>^S).^.^- ****»>*'^*,'»*,-*«4i«**>f^>1ff*^-4-**»4-^^ **** 
—i 

I     ca 
<     i— 

^*sr^4-*4-N3-N»s*%a->.t^- MMI^M ^-^-^Ntf'oi'^ssr^^'^^'^-stf'Nr-^-«^^-^-^-^^^-^-^-^^-^-^^ rorotV)ror^KtrnK>porohorornroK>Kin sr*# 
at ty> 

o< 
Oe: —1 

>O,O"ON0'O'IO'O,O,OV0 NSSS g^h-r^t^^KN.f^r^r^i^g^^i^Kr^f^i^r^KN-Kr*-N-N'is-KN-gs* cocococococacococottcocococoeoeoco CO 00 

a. u 177 



oo 

I oo 
■ oo 

inf- 
I--K. 

oo 

> oo 
■ OO 

mN 
h-KI 

OO 

i  OO 
> CON 

KiKl 

■«NSE 
snt> — 

* omo ■ 
i KINN  • 

9 oom t 
I  KINN I 

at «-a: 

K><>- 
N 

3 

-NU 
CJO »tell«* 

inintninimnin 
T-onni'-MN 

t OOOOOOO   I 

m in mmin in in 
0«-NN«-KIO 

iOOOOOOOi 

mm 
KIN 

■ OO I 
I    I 

«i«-u 
EUU 

a 
a 

"O Ul 
«N(- 
"ÖO< 
3<« 

u 
X 

Ul 
€(«-»- 
<-U< 
SJ"«0£ 

in in in 
ON«- 

llllllttttllll    ••BltfllllllBI 

iteiiiitBsiiii OOO t i t i t t i i i i 

OOOOO 

iOOOOOi 
i OOOOO  i 
OOOOO 
Ki«-Kiinin 

mm 
«-o 

I    I    e    I    l    t    I    t    I    i    I    I    t     B    ■  i    t    i    i    i    i    i    i    B    i    i    i 
>    I    t    I    l    I    t    I    I    i    i    i    I OO I    I    I    I    i    i    I    I    I    0    I    I 

I    I 

OOOO 

■ O 
■ O 

OO 
OO 
OO 
in«- 

■OOOOI 
•OOOOI 
OOOO 
uiM Klin 

OO 

• oo ■ 
I oo ■ 
oo 
»-in 

a. HI 

OOOO 
OOOO 

oo 
OO 

OOOO 
uimoiA 
K-NH-IN 

oo ■ 
mo 

OOOOO 
OOOOO 

■OOOOOI 
moooin 
NinmoN 

i   i   i   i   i   i       i 
I     I      I     I     !     I I 

L.—.0 
eir» 
4-1 
si 
E 

a.    s 

"O      O 
«I     u 
3 

a 
> «- «i 

«•no 
— «u 
O.E   • 

— «3.Q 
<-> s. E 
—• a o 
3Q.U 
a: 

J3 E 
■*- E o 
OZCJ 

*% E.fl 
t- O E 
ZU2 
3 
O IMS/1 
UUU1 
*■*«*! cc 

S>*-IM 
UUUJ 

til 
3NO 
D~ULU 
«■< 
u 
Ikv-O 

UUI 
< < 
3    -I 
ft,      O 
IK       U 
Q.3 
-lO 

z    oo 
<    i- 
Q£ 0*1 

o«t 
ac_j 
Q-<-> 

ifiS«-o«-vOO<-«-i>jingionM>»»-(M>»ofwo»S(M«oiOini«i    •»■•—•-« 
IMIMinKlA^N KisJ-sJ-söcO «—** *tf-^ NKSNI*-«- «- 

'f-«-<ti-N«-v-KtKiN*-i-i-NrviKi4inoieoa^B} 

*■ *orf» S^ Ntf* ^*» N^ *»rf *»^'h^Na'%^^^\I*'^^»af"W*^ W*^*k^ WS^ W W WW WI-'V^I./W WS***M?«*S«^*, 

OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
«— w— «— «— 
OOOO 

OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
oo»->- 
«-S-00 
OOOO 

oo 
oo 
oo 
oo 
oo 
0<s- 
«-o 
oo 

oo 
oo 
oo 
oo 
oo 

oo 
oo 
oo 

OOOO 
OOOO 
OOOO 
OOOO 
OO«-«- 
•■i-OO 
OOOO 
oooo 
OOOO 

OOOO 
OOOO 
OOOO 

OOO 
OOOO 
OOOO 
OOOO 
OOOO 

oooo 
OOOO 
OOOO 

OOOO 
OOOO 
OOOO 
OOOO 
OOOO 

OOO«—«— 
T"ff-»"00 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 
OOOOO 

IMfM(MNtMN^^^eQS0C0Q)l0«O>O*O<\JNNtMNNNe0e0O3^)^ 
«-«-a-KIKIKIKIKIKlKINNNintn 

**—T-V-CJIM 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
*O^vON0*O*Q>O<O>O*O<Ovo<O<43>OvO*O'O'6'O<O*0>O*g*os9^sg<O 

minmmmmmmmmmmmmminmmminmmmmmmmmm 

OOO 
ooo 
ooo 
OOO 
ooo 
ooo 
ooo 
oo«- 

ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 

oo 
oo 
oo 
oo 
o 
oo 
o«- 
«-o 

c-w—OOOOOO 

OOO 
ooo 
ooo 
ooo 
oo 

o«-«- 
«-oo 
ooo 
ooo 

oo 
oo 
oo 
oo 
oo 

oo 
oo 
oo 

OOOO 
OOOO 
OOOO 

«-0-00 
OOOO 
OOOO 
OOOO 
OOOO 

ooo 
ooo 
ooo 
»—«J— o— 

ooo 
ooo 
ooo 
ooo 
ooo 

OO OOOv— «— 
OO w—w~«""©0 
OOOOOOO 
«-«-OOOOO 
OOOOOOO 
OOOOOOO 
OOOOOOO 
OOOOOOO 
OOOOOOO 

•NNNNN^^COCOaeO^O^INNtMNNNNCOtOeO^vO 
«-«-KIKlKiKIKIKIKINNNmin 

«-«-«-NN 

mmmmmmmmmmmmmmmmmmmmmmmmmmm 
^*O'4O*O*O*9O*S^^*9ONO>O*O«O'>0*O'«3<QSO*O*O<O*O'«9*O 

mmininmmminmmmmmmminmmmmmminmmmm 
>O>O>O>ONO>O>O*0VONO*O<O>O'O*Q<O*O*0<O*OSOV0<>O*O«O^«O 

*****************        *** 
TUtSli-tftSSI'M      Kl 

**************>*** W 

OOOO«-«- O 
OOOOOO O 
OOOOOO o 
oo«—«—oo O 
OOOOOO o 
OOOOOO o 
OOOOOO o 
OOOOOO o 
«-w-OOOO «- 

-oje\i>evo 
KiKimm 

NN 

intnintntmn.    in 
«Ov3v3v3^lv3     «Ö 

mintnminin    in 
*Q *Q sQ ***** \Q *O    *O 

*&*&}*& «4* *4f «#     s? 

•* «* *^ sat «^ ■«*     *» 

co oo oo co co co oo co oo co oo oo oo co eo co oo co co eo co oo oo co oo oo oo oo oo    o><t>c>t>o^o>t>Ok-o«osi>oso<ovc>t>o*t>t>c>>o^i>t>t>o«c>c>    KIKIKIKIKIKI    in 

178 



X"-JC 
«Ja- 

(A 

ox — 

V 
E 

oooo 

I oooo 
I   COCMCMOO 

>*inN-*o 
N-I^KIK» 

oo 

I oo 
■ oo 

inr*- 

IftU- 
cxt- 

• ino 
• «\JIM 

( ino 
•   IMfO 

i otno t 
i mrjoo i 

■NU 
cju << 

in in in 
«-IMK> 

■ ooo ■ 

ir.inin 
T-IMKI 

minminintnin 
0»-Mf\io<MKI 

> OOOOOOO 

O»-CJ 
EUCJ 

in in 
IM«r- 

minm 
OIM»- 

"O     UJ 
cirvit- 

o 

i-o< 

ooo 

• ooo 
■ ooo 
ooo 
«-into 

oo 

■ oo • 
■ oo ■ 
oo 
into 

oooo 

■oooo■ 
•oooo■ 
oooo 
Kl<-Kiin 

■ oo ■ 
oo 
min 

oo 

I oo 
■ oo 
oo 
«-in 

0.111 

ooo 
ooo 

ooo ■ 
inino 

oo 
oo 

I        a     •   a 

■ oo • 
ino 
(Mm 

ooo 
ooo 

a     •     •   • 

OOO    I 
mino 

oooo 
oooo 

■  OOOO  i 
ooino 
om N. in 

■a    o 

3 

oonmi»iKiK--T-o.r-in«iMM«o    N-ls.»-fnr\Jc\i«-»nNä-ininl^N-    ^or*ji^co^ro«->fr'OvON»^c>-.-«-«-cNi~s-v*vi-c\iino<\iin    <ooiM<oo»f>» 

> L. 01 
ci-o 

u« o 
-> vu 
B.E   • 

— <oja 
*J L. E 
-"«JO 
3 0.CJ 
X 

.O E 
•>- 6 O 
ozu 

>->£.□ 
>- OE 
zust 

ONK 
UUIU 
w<0£ 

OOOO 
oooo 
oooo 
oooo 
oooo 
oooo 
oooo 

r-OOO 

OOOO 
OOOO 
OOOO 
ooo«- 
oooo 
oooo 
»-«-«-o 
oooo 
oooo 

ooo 
OOT- 
ooo 
*-«-o 
ooo 
ooo 
ooo 
ooo 
ooo 

o«—»—«—«— 
•-OOOO 
OOOOO 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 
ooooo 

ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
OOi- 

OOOO 
OOOO 
OOOO 
OOOO 
OOO«- 
01---0 
OOOO 
«-ooo 
oooo 

ooo 
ooo 
ooo 

•-00 
ooo 
ooo 
ooo 
ooo 

ooo 
o«-«- 
ooo 
«-oo 
ooo 
ooo 
ooo 
ooo 
ooo 

ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
oo«- 
«-«-o 

ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
oo«- 
«-«-O 
ooo 

ooo 
ooo 
ooo 
ooo 
ooo 
O«-«- 
«-OO 
ooo 
ooo 

oooo 
oooo 
oooo 
oooo 
oo«-«- 
«-•J-OO 
OOOO 
OOOO 
oooo 

oooo 
oooo 
oooo 
Ori-f 
«-ooo 
oooo 
oooo 
oooo 
oooo 

ooo 
ooo 
ooo 

ooo 
ooo 
ooo 
ooo 
ooo 

ooo 
O*—»— 
OOO 
«-oo 
ooo 
ooo 
ooo 
ooo 
ooo 

o«-«- 
«-OO 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 

oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooo«-«- 
00«-«-*-«-00 
«-«-oooooo 

- «M (M CM •* ■* •* <M «M CM 00 CO >0 <0 -O <0 
ro pom CM CM in in in in 

«-«-CMfMCMCM 

-«-NIMOOOO<OVOIMCMCMCOOO 
«-«-MMKINN 

-IMri<M*»>J'COe0CO00<O^><O(MCMCMfMCM(MIMC0C000*O'<) 
«- «- «- M ft K> M m. m m CM IM IM in m 

«-«-«-CM CM 

-«-CMCMCMCM-»-* 

UUIU 
C<tK 
Cl 
3NO 
cruiu 
l>< 
I. 
u.«-o 

uu 
• < 
3      -I 
a.     o 
a.     «J 
Q.3 
JO 
—I Of 

_J 
X       CO 
<    I- 
C£ CO 
OfcO 
o< 
0£ _l 

inininminininininininininininin 

inininininininininininininininin 

inininininininininintninin 

inintninintnininininininin 

iniAintninininininininininininimninininintnimninin 

ininininininininininimninminimninininmininininin 

mtninininininin 

ininininininmin 

in in in in in in in in in in in in in in mm     r>-f».N.r-|v-r'-r-h-l-~r^f-r-f--     co oo co CO oo oo oo CO CO oo oo co co oo oo coco CO coco coco oooooooo     »»«»»»«» 



oo 

U-l << 
oo 
oo 

o>«i- 

moo i 
«\jpor\J i 

Cd 

MOM*-« «-Cd 

OOOOOOO 

Os- 
4>«-<J 

TO       111 
4>(MI- 

3<K 

41 
w 

L-U< 
!1<E 

oooo 

t OOOO  e 
»OOOO■ 

OOOO 
inionin 

o 

o ■ 

o 

«SO. 
O.UJ 
(JOT 

at 
s 
a) 

o 
u 

> <- 41 
va 

41 f O 
—• OIU 
Q.E • 
.- OjQ 
«-> «- E 
—•(BO 
3 0.U 

J3 E 
«-EO 

.-»EJO 
►- O E 

O CMC/1 
UUIU 

UUIU 
C<0£ &> 
cum 
4>< 

UtU 
I   < 

=> -I 
Q. O 
QC U 
0.3 
JO 

at to 

o< 
a: _j 
a. CJ 

ooo 
ooo 
ooo 
ooo 
ooo 
«-oo 
ooo 
ooo 

ooooo 
ooooo 
ooooo 
oooo«- 
oo»—>-o 
«-«-OOO 
OOOOO 
OOOOO 
OOOOO 

OOOO 
OOOO 
OOOO 

OOOO 
OOOO 
OOOO 
OOOO 
OOOO 

OOO 
oo«- 
ooo 
«-«-o 
ooo 
ooo 
ooo 
ooo 
ooo 

oo«-»- 
«-«-oo 
oooo 
OOOO 
OOOO 
OOOO 
OOOO 
OOOO 
oooo 

»4'COcoe9co^)<or\!(M(\j<Mf\irvif\jcoeoeo^O'0 

«-»-«-t\lf\J 

tniAUMAinininmiAUMnininiAtniniAinin 

mmtninmmt^mmifiLnmtnmmtrtminm 
*o *o *o *o *o *o *o *o *o ^ *o ^o *Q *o *o >o ^*©>c 

180 



APPENDIX G 

NMACs AS A FUNCTION OF LOGIC VERSION 

181 



y 
—*-»JC —• o 
<■< 

C« 
<t> 3 a. 
Dl ou> 
CS 

Q_ CO CM < «»- 
«u 

•J ' 
>os •* • 
-a c 

* eu «J 
'> o 

1 1 «1 L. 
L j~- a 

JC a. 
o o> <</> 

a s> 
♦J—* «— 
O"- 

rP£ — o << 
c< 
la. 
Ot-I 

WIM 
«e 
Ofi«— 

•-CJ 
K % 
oUZ 

f 1 
TO c 

* 0) «J 
-><o ( 1 g) t_ ( J — <D 

JC Q. 
U 0) 
<u 

a 41 
■«-»-— 

o— 
OU- 

«* «-• 
f>> T——* 
O %^ 
v" 

u< 
c <a. 
3 u 
-a 

CM t) 
O tte 
CM o— <(- 
■n 
<u »- a» 
a % E 

«J— 
i <t— 

ut 
t^ CM   • 
vl % U « U U 
u <«s 
X «—    • 
t- % Ü 
<J o o 
B << 
X 

o 
3 CM s> 
S- «■M u a (. <B£ 
o <«- 
M 
C> «- V < %«-> 
ST CJ to 
3C <ef 

a 
c 

*J 4J 

c —> a 
a < L. 
a a 
E < Q. 
o Q. 61 
u UM 

4J (_> 
l_ *, 
o « 
a. 
<u U 
at — 

a: 
</>CM 

M «% 
~1 ■D 
Ui O«- 
w z% 
OL 
~J fr— 
—1 '•.4 

UJ 
3- rt 
«C _i re: CO 
(T> I— 
o CO 
a: _J 
a. o 

*o *0>0 *o *o 

CM CM CM CM CM 
rvj CM CM CM Cd 

KTjf— «SKI 

*$■ in «^ in «d- 

»d-in^in^s- 
ooooo 
ooooo 
in in in in in 
CM CM CM CM rM 
eo co 00 0060 

»NNNN 
3 3 3 3 3 

CM CM CM CM CM 

CM CM CM CM CM 

O O Ü O O 

r-r-{\iW(\iooooininNN'0>0'0'0^s*>o^^^^^*j^'0 0oooinmNr^jv»>j>*w^^*yvaNNPJ'ONNT-r- 
^-«-o*ino^oo^^fisoin'OonMMfOMnMO'0>nMMSSST-T-o»j»-i-jnin*-OT-f-inin»oo>jfO'00»-in 
wcoco*o*ooooococo^^cococoo^o*«>c>o^r^i^r^coooo*o^r^i^ 

0000000000000000000000000000000000000000000000«-«-0000 

«—0000«-0«- O00000000«-00«-0«-0«-000«-0«—0«-0«-0«—OOO«— GV-OOQGOV-OOV~ 

«MMI^IM«M0^I^C>K0»0<m00OOm>3-CM»-e0CMm^«-«-»-e0C0«0«-'>0«-CMrM>Q«->0»- «-in"O«-*0«-U1in^e0OOCMCM 

00 GO 1^CM CM00 h-03 h—*^»-OT-^C>C>e0^rOOOOCM>OCO<OMMvOCM<OCMtOI<TjCM>OCM<OOOOCM<OCM-OOOin«»N.N.'>*>ä' 
<^r-^cococM>ocMO>ooo^roooeQ^ro^^^^oovO^^'CirtintO'4'CO^'CMiM>j'GO>4'OOcMco-j'OO^eocoo3CMir> i   • «—»- 

I «I llll II lllll llll 

NNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
3333333333333333333333333333333333333333333333333333 

CM CM CM CM CM CM CM CM CM CM(M CM CM CM CM CM CM CM J\J CM CM IM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
«—«— «—»—•—«—«—«— «—«—«—«—«—«—«■■' «—«—«—«— «—«—«— «—«—«— «—«—»— «—«— «— •?—«—«—«— «— «— »— w— «—«— «— «—«—«— v— «—«—«—«—«—•— 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CMCMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

cuuooouuoououoooouuooouuuuuuuunououuuoooouuoooooooou 

KIMCM 

CM CM CM 

coco-o 
Kins 

ooo 

ooo 

y-imra 

«-«-CM 

N N N 
XX« 

in in in 
mmm 
u u u 

CM CM CM CM CM 
CM CM CM CM CM 
(-»inr-inr- 
MSKISKl 

ooooo 
ooooo 
mtnuMnm 
CM CM CM CM CM 
eo oo 00 00 60 

4J4J4J4J4J 
OOOOO 

CM CM CM CM CM 

CM CM CM CM CM 

OOOOO 

V OOOOO 

OOOOO 
coco eo oo oo 
«0-»M3«»»0 

OOOOO 

OOOOO 
CM CM CM CM CM 
■  «■IB 

ooooo 

ooooo 

ooooo 

ooooo 
ooooo 

ooooo 

ooooo 
 8) 
ooooou 
ooooo< 
000002C 
mmtninins 

in 
ooooo 

ooooo 
ooo 

■ a 

ooooo es 
ooooo <-> 
 o 

ooooo« 
ja 
3 
v> 

-&*&*&*& *f s& 

ooooo■ 

inininiAin ■ 
■ 

ir»S»r»o»fA ■ 
r~COCMMCM  i 
>OC0iO«-<r-  ■ 

•-       CM        1 

CMCMCMCMrMrM 

CMCMO>C>C>>0>ONO^a^^P-C>r^l^CMCM>O^CMvO'0<0<O^^CMN>0^^^^^^vO^<O^O^^sO>O^C>Osin^C>O^KiK1 IOMCM 

«—^-CMCMCMOOOOlAlAi^i^>0^^y3^^^^^****^,NS-V3»OOOOOinin,^'4'**^*-**CM**»4'**^'CMCMCM*OCMCM'f-w- CMCMCM 
»-^&inc>oo»**»iosoifi*ooMmMi'iMMMO»c>MMMNNSr-»-0'*»-i-ininT-o»-»-inin»oo^n'OOt-in ****•*■ 
oooooo^^cx}cococo^^o3 60ooo^c>o^o\c>K.i^r^ooooc>c>t^i^ooo3r>o^KNc>c>OkC> eoeo<o 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOv-v-OOOO OOO 

w—OOOOs—Os—OOOO OOOOO«— OOT-0'T-OT~OOOT-0«—O v-O'^Ov-OOO'»—0"-0 OOO O-ff—OO«— OOO 

NMSivrjo>soh-oo»Mcooom'»fffM<r- OOCMBA<O«— «— «—cooo^o«— o«—CMCM*O«-"0«— «— m»o«7— >©«— mm>ocooocMCM in moo 

o3K)h-rjrjcoi^coh-vi^^o^^o^c>ra-OMi»orM>ocovOMro^rj-orMMio(M^rj<oo3orMvO(^ »-«-CM 
«—r^>O006OCM^CMvO>O^O^^0000^^^V^sn^O0NO>ONTM^RninG0^-63^-CMCM^'0O^i-60CMC0*4'00^'6O00C0CMin I   ■ «-«- fOM*^ 

*                      II                                             llll                 II                 lllll                 llll 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 
CMCMCM CM IMIMCMCM CM CMCMCM CM CMCMCM CMCMCMCM CMCMCM CMCMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM minm 

CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM IM CM CM CM CM CM (MCMCMCMCM CM in in in 

UUUOUUUUUUOUUOOUUOUOOUUUUUOOOOUUOUUOUUÜUUUUUOOUUUUUU o u o 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 
63 03 CM CO CM 60 60 CM CM 60 CM 00 CM 00 CM 00 00 CM CM OO CM CM 00 60 CM CM OO CM 00 00 CM CM 00 CM 00 00 CM CM 60 CM 60 00 CM CM 00 CM CM CMCOCMCOCM CMCMCM 
«o<Oc>—»u-i'0>Or«-n-»a'in'Or-'OP.'0>Oh-f—3-min^oor^r^-j-m-o-Of>-f^vtinvO<ON.r--4-u-ivOOK!>-vjinNh.vOKv3-u-> h-N-m 
Klnl<1^Nnl<1nln^^nKlnl'lnl'll'lK1^^^K1nnl<lS^mnnmssnnl<)n^^n|l1nl<l^^nnnnSN mcur«. 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

oooooooooooooootnoooooooooooooooooooooooooooooommoooo moo 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM IM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CMCMCM 
■    llltiliatiaiiiaillliiaitiiiiiiiltilillliiilllltllll ill 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

in m in in in in in in in in in in in in in an m tn in m m in an in in in in in in in in in m m in in in in in m in tnmmtn in in in in in mm in mm 
rgiMCMt\lCMCMtMCMCMCMCMT-«-CMN«-CMrMCMCMrgcMMMiVlrOrOOT v-CMCM 

oooooooooooooooooooooooooooooooooooooooooooooooöoooo ooo 

oooooooooooooooooooooooo oooooooooooooooooooooooooooo ooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 
•••••"••••■•••••••••••■•••••••••«••••••••••■•«•••••BSJS •»• 
oooooooooooooooooooooooooooooooooooooooooooooooooooo CJ ooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooo«€ ooo 
ooooooooooooooooooooooooooooooooooooooooooooooooooooac ooo 
incn^ininminininin^miAinmcninminminu\«inmin^iAinmm^i«inin^inmininminminsn!nKininuiinin= ininin 

CM 
oooooooooooooooooooooooooooooooooooooooooooooooooooom ooo 

• •■••«•••■■•••••□«•■•••••■■«•••s««aaaaa>aoaaatcaBasa aaa 

oooooooooooooooooooooooooooooooooooooooooooooooooooo ooo 
oooooooooo                   oooooooooooooooooo ooooo ooo 
*d* *****#****■**-****#                                   ** ^ «•* *$-^»-***$■%$• M»-^^J^»^^^«^»^^   «d*«^^«^«^ OOO 11,8                                       iilaitaiiaiGillllN «—«—«— 

•_* 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 03 OOO 
OOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOO OOOO OOOO oooo *■» ooo  O .»a 
oooooooooooooooooooooooo oooo oooooooooooooooooooooooo *■* ooo 
inminminintninininmminminooooooooooooooooooooooooooooooommmmmmjQ mmm 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMminmmmminmininininmmtninmmmminmmininmmintnmini^i^i^a^i^     3 IMCMCM 
aaiatiiiiaiiaaaaaiiaiiiiiaaiiieiliiiiiaiiaaiaaliiaaac/3 aal 

MMroMroroMM^fntornrnMMKiMMtOMMrn'OM fOMM 
oinooooinoinooooooooomooinoinoinoooinoinoooinoinoooinoinooooininoo • ooo 

inoininininoinoininininintntmninoininoinoinoinininotnomLnmoinoinininoinommminoomm i mmm 
■ 

o>o>iAr-r^«~«-r^i^roos^o^Kic3C3*o><)cMcooopoi^ic>c>in«-inin«-«-i*«-mcoco^s-^3-o^o«-«—h.N.KiO.OI^CMCO^-o a mmo 
MMO»inoo*o*^sCOunNeoeo^K^O^C>inoooounLn'-Si/ini-T*^r\io3co^»joinininoov)<-'flT-ino^N a cotnS 
*4-**»— OtS>D'OsJ vt INIO*«— CO«— OfO^*«— •— ONSininrd(\10SNNinml\IO>-«— 0>C/N^(VJNOONtn*-0>NONin   a Kl**'** 

«—«-CM             «-«-INJCM                                     «-«-«-CMCM             «-«-CMCM             «-«-OJrO                         «-CM             «-«-«-CM«-             «-«-CM   a CMCMU1 

^^^^>4->j^f^jvts«%TNj-vt^^^N*>j-^TNj>«-vr*j->j^^Ni-Nd'sd-N«'^Nrvt^^vj-N«-^>d-^v«'sd'^>jNrsa->d-^^ ^sd-v«- 

rMrMrüCüc\jcjr^iNirvjcMrjiMr*jrurM™rMiNicMrMfMrMi^j ininin 

182 



c< 
so. 
ou 

C/>CM < 
a.*— 

— U 
«*T 

«oat •* n c 
—  V 4J _. >  ffl 
<!«!(. 
o— o 

JC O- 
U «I 

roMOOooo*NtcM*o*o*oro*—»oooooo-—»—oo 

cMr*-ooooc0Kir*»ininintn*0irtK>h0r*'>Kir'"i'*r*4'*0 
O*0C0CMC0C0r*-Or*-0*K>K>rnK>0\0*0*inLnmC0C0O 
COCO*Or*-**r*OCO(>*>C>*OCOON.O*OCOOOCOOCO*— 

**t**f**t**shm**t**r**?-**fN***tm**T**r**T**rin****rLn**rin**t 

**t**f**r**Tm**f**r**r**r**t***m**r**r**f**m**r**T.in**fin**r 

ooooooooooooo.—ooooooooo 

«—ooooooooooaooo.—«-oooooo 

mr^o^cMxOcMh-CMKir^-t*-!**.»*»-«»-*o*o*ooincoooin 

•—»«--Oh-OMe0OC0e0C0C0«»-4-r*-r*.t>.»»00r-.KO 
K>t>i\jt>sa-r>oh-ejooo^ootnin cocsjroto^o 

NNNMNNNNNNNNNNMNNNNNNNM 
XXXXXXXXXXXXXXXXXXXXXXX 
inmininintnininintninininininininininintninin 

ininininintnininininininininininminininininin 

oooouoouuooooooouoouooo 

CM*—CM v- 

*o *o*o*o 
«—[*■-—l*i 

poror*.»*. 

**•■**•■ in in 

**»■** in in 

oooo 

oooo 

*Otn*oin 

N N N N 
X X X X 
*o*o*o*o 
*—*—T— V— 
•0*0 *o*o 

u u u u 

0000000000 

ocooooooooo 
CO*»CMCMC\JCMCMCMCMCM 
*o*or*-inr*-r'*.ininh*>r*- 
•ororor«-»OK)r*-c*-roM 

**rin**rin**T**rinin**r**f 

*4-co**fin******intn****» 

*—0«—*—«-«-»-•—•—*— 

0000000000 

r-*-inr*-r*-inininin*Otn 

OOOONNNNmN 
in 1 in in CM CM CM CM CM 

NNNNNMNNNN 
xxxxxxxxxx 
*0*0*0*0*0*0*0*0*0*0 
*— *—■—•—•-— *—>.— - ■}—«— 
*0*0*0*0 *0 *o*o*o*o*o 

OUiiuCOUUOU 

rofOOOooo>^N^o^}«OKi*- ,oooooow-eo 00 CM*—CM*— 

CMr**>oooocor*^r**>mmmm*omhoroior'.Ki**r**t*o r*- *o*o*o*o 
ONOoor*i*ooor*-ot*-o*MMroh-io*o.c>u->inincocoo eo i-m«-K> 
isco*or*>**f<oooo-o>o>ocoor>-(>ooooocooco*— *o r*-r*-inin 
IOrn»OMr*-rOMt«MrO«*N.«*rMrn«»r>» «4-*»*--** ■**-•* (O MrON-h- 

000000000000000000 

000000000000000000 
COCM03CMCOCMC0CMC0CMCOCMC0<0CMCMCOe0 
*or**>**fm*or**.**r'iA*or*»>**fin*o*ON-r*»*o*c 
POfOh-l-*.MK>r*-r*.KINlh-r*-K|K>KlK)rOKI 

«»■«*>»•* in •*•»»»■»*■*«* in •* 

-**«»-*-*m*tf«*»*ir*4r**»--tfin«» 

0000000000000 

»-000000000000 

inioo.cM'*ocMc*.cMMt*-r».i*—» 

■>»•>»>»• m ■>»•* in »* m •* 

«» •» ■>» in «»■ •* m »»in •» 

«-000000000 

00 «-«-000000 

00«—«o*o*ooincocom 

-oN-orncooeoeooooo s***rr*-N-r****rcor>-r*-o 
mm OOCMKIKISQ 

in **f-sS-inin 

1*1 -»«»tinin 

o oooo 

o oooo 

*o *oin*oin 

K) oooo 
S- 0>KO«N 

**?*4,mm*sf**rmm**t,***-inin**r**r**f**f**t-*4' 

•f^inm>«vfminio^iAinv}<r^>fst<t 

000000000000000000 
KlK.**O-*O0**OO-*0 0**0*>.O*O-0*t>r*-r- 

M>O0>S0>S0>N0>K0>NNKSSod 
0**»eO-*rcO*4-eO**tCOvr**f-J-*f**rt*-K 

o-tr cr tr sr tr cr cr cr cr cr cr cr cr tr tr cr cr or tr o-cr tr 
00000000000000000000000 
inininintnininininininintninininininininininin 
«—«— »—«—«— «—*—«—«—«—«—«—«—«—«—»—T-T-«— «—«—•—»— 
intntnmininininintninintninininininininininm 

000000000ÜO000ÜO000000U 

ST 
o 
o 

O-0-Ö-D- 
0000 
•0*0*0*0 

*o «0*0*0 

o o o u 

<x or tr tr o" or er o- ix o- a v tr o- o- o" er er 
000000000000000000 
*0*0«O«0*0*0*0*0«0«O*0*0*0*O*0«0«0*0 
r'r-fft-i    ■    *■■«—».    a    «—u    |ii».rrri 

*O*O*O*O«O*0«O*0«O«O*0*0'O*0«0«0«O*0 

UOOOOOOOOOUOOOOOOCJ 

00000000000000000000000 

00000000000000000000000 
COCMCOCMCOOOOOCMCMCOCMCMCMCMCOCMIMOOOOOOOOCOOO 
*0r*-*O^**r*0*0l*»r*»*ON>mr*-l**>*Or*-in*0*0«4-*0«*t*0 

OOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooinooooooooo 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
■   ••«■•■I*II«IIIIIIIIIII 

OOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOO 

mmmmmin in in in in in in in in in in in in in in in in in 
MMC\j«Ni(\jMrjf\iT-<sirJ(Nic\ifvj<\irdrJMMrorvit\JM 

OOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOO 

0 
CM 
r*. 
M 

oooo 
CO CM CO f\l >oS>tm 

O oooo 
in 
CM 

1 

oooo 
CM CM CM CM 

*    <    <    1 

0 OOOO 

0 oooo 

in inininm 
0 «— «—«— w— 

0 oooo 

0 
0 

oooo oooo 

0000000000 

0000000000 
COOOCMCMCMCMCMCMCMCM 
*o*Oh»inr**>r*»ininN.r*'. 

0000000000 

oinininoooooo 
CM CM CM CM fl IO fl Kl CM PJ 

0000000000 

0000000000 

inininininininintntn 
«— «— 1   %  «".■*■■«— K« »A 

0000000000 

OOOOOOOOOO 
0000000000 

OOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 
03 CM 00 CM 03 CM CO CM 00 CM CO CM CO CO CM CM CO CO 
■OK«l>in'ON<tVI<ON<»in'44NK'0'0 
KlClNNMKlN.NMKlNSKlMMnni'l 

OOOOOOOOOOOOOOOOOO 
■ ••••■•••••••■•a«« 

oooooooooooominininoo 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM MKI 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

in in mm in m in m in m in m mm in mm in 
CM CM CM CM KI (o m ro M KI KI M CM CM CM CM «- «- 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 

1/1CM 
«l*fc 

■o 
O«- 
1% 

OOOOOOOOOOOOOOOOOOOOOOO 
aaaaaaaaaaaaaaaaaaaaaaa(g 
OOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOO0000OOOOOOOOOOOO< 
OOOOOOOOOOOOOOOOOOOOOOOX 
mmin in in in in in in in in in in K> in in in in in in in in in as 

■o 
OOOOOOOOOOOOOOOOOOOOOOOCM 

OOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOO 
'■•-HMK)IO--T-i-T-r-a-Mi-»-a-r-a-f>-MMn M 

lllllllllllllflll 

OOOOOOOOOOOOOOOOOOOOOOO «0 
OOOOOOOOOOOOOOOOOOOOOOO *-■ 
OOOOOOO 
in in in in mm in 
CM CM CM CM CM CM CM 

1    ■    1    ■    •    ■    1 

«* «a- **«• «*»• **r ««?• ** 

«*T *» «4- •# «if «*f **• 

MMK1K1MKIM 

OOOOOOO 

OOOO 
mo 00 
CM in in in 

KIKIfOKl 

MMMM 

OOOO 

oooo 
oomm 
inmNS 
«it 

rororom 

oootn 

oooo 
in in in in 

MKIMtO 

ooom 

oooo*j 
mmiAmJ3 

1   t   1    1  </i 

roporoKiKi 

oooo • 

o 
• M 

ou 
o< 
ox 
K12 

o eg 
O*J 

• o 
ov 

to 

0000 
•   •    ■    • (0 

oooou 
oooo< 
ooooz 
mmminz 

1  ■  1  • 

oooo 

oooo 
oooo 
oooo 
inintnin H 

OOOO CO 
oooo«-> 

a   .    .    . o 
OOOOtJ 

n 
3 
CO 

oooo I 

mmmmmmmmmmmmmmommmommmm •      m •      inimnin 1 

>ocoinf--ocoT-roa-(\jv3-co(Mr^fomo-o-ooa-m<r 1 
o<-OiOT-int>o>jt>.0(MinSO>oiMinin«)>}'00 • 
Om«—r^CMCM^OCM«-^CMCMO«—^CMCMN-h-r^vt **tn  » 
»-CM*—CM**»-     cMcM     pjin«—rM     ruin ro     K»      » 

mmmmmmmmmmmmmmmminmmmmmmm 

torn 

OOOOOOOOOO 
• • • to 

OOOOOOOOOOO 
0000000000< 
OOOOOooooox 
tommmmmmmmmz 

r-IOlOS   1 
ODOOT-  1 

tni—»o • 
*-ro-* • 

por^roK>to 

*o*o *o *o *o 

OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 
mmmmmmmmmmmmeiKirtromm 

OOOOOOOOOO«-     OOOOOOOOOOOOOOOOOO 

OOOOOOOOOO 
OOOOOOOOOO 
OOOOOOOOOO 
inmininininmmtnin H 

0000000000 a 
OOOOOOOOOO»-' 
 • o 
OOOOOOOOOO*» 

.Q 
3 

CO 

~» ^t «*»»-*»*»»«» »a-^ sf 

oooooinomoin * 

OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 
MKiMrofOMMKiminmmiomroK.rnM 

OOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOO 
in in inin in in in in in in in in 0 00000 
CM CM CM CM CM CM CM CM CM CM CM (Mm mmmmm 

oooooooooooootnoinoin 

inintninino omomo »      inininininminmtnininininoinotno 

CM-»<O 

Mfnco 
•-»-CM 

«0*0*0 

000 
t*-toro 
coco co 
in CM CM 

*o*o*o 

MMO-O- 1 
*o*or»r*- • 
eocooo- ■ 
inincMCM ■ 

*o*o*o *o*o 

183 

rotr.r^t>«oooo(\jooofNi<*4-oooc.)ooNN 
in^h-.eo^r\js.tin^oo<>-o^voooooN.N- 



Kl—i r-MJC 
—' o 
*«* «sC 

C< 
V 3 0L 
D> oo 
CO 
O. «OCM < 

O£o- 

»u 
V ■ 

•OSS 
S • 

■o c 
<tlf 
-> «9 

I > « 1. 
L >— a 

jr a 
u o> 
<co 

eg «1 
4-»—t 
s~- 
OU. 

rM£ 
—' U << 
C« 
SO. 
OCJ 

«OCM < 
eco- 

«-aO 
f I 
4)2 * 1 
T3 C 

■» ÖI4-* 
» > CO 

I 1 V t- 
I 3~- CO 

.c Q- 
u o 
<«o 

eg <u 
4»<w 
o— 
OW- 

** +■» 
O V*»—.* 
o **< 
w— 

u< 
c <o. 
r u 
-a 

(M «I 
o % E 
>M «J— 

«l- 

n 
«i v- s; 
3 -M: E 

CJ — 
i <s- 
to 

nrf JM   . 
<W % O 
«J u u 
u «s< 
X 

g_ 4k U 
♦J u u 
as <"S 
£ 

O 
3 <M a 
s- ***> 

U (0 
t. <P£ 
o 

H- 

« 
u «j- ey «< %<J 
SE u a 
s •«.es 

Cl 
c 

■p- **4» 
c _ to 
a <* <- 
a a 
K < Q. 
o a. *> 
u uco 

4» u 
L_ «, 
o a: 
a 
o u 
«r h 

a 

C/ICM 

Kl «u-s* 
—i T3 
tu O«- </> sc** 
IX 
-J 1— 
_l »>. 

LU 
3T « < _J 
Of CO 
o 1— 
o to 
ac _J 
a. o 

oooooooooooooooooooooooooooooococo 
oooooooooooooooooooooooooooooo**** 
CO CO CM CM CO ft» CO CO CM CM CO CO CM CM CO 00 CM CM CO 00 C3 00 CM CM 00 CM «0 00 IM CM »O *0 
*o*or*.i^**m*o*oi^r»****mm****mm*o*o*9*Oa**.r*-**in****ininco*o 

********mmm**mmmmintninininin************inininiAinin**in 

** ** ** ** in in ** ** ** ** in in in in in in in in K» Kl Kl Kl KS Kl in m in in in in in in 

*—v—v~ .■r'^.ff.a-^ff-^T^r"^»" *r—s—*r~»—v— «— w—*— v»w—w—w— qp. «■—ar—O CD 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO*-*— 

Me0**e0CM«*«-*—»-.—KIMOOCM*0O*0t*-t^Kie0**C0CM**CM*0O*QOO 

MlSinr<.4mNSS-MMNOO<lC>M>'00<ONinS<slfl40>SOO>0 
inKiin   Kirvh-SMflMiOM    co**cof*-r*-    innin    KI    ca**cooo 

COeOCOKlCOC*****.-"- 

-*****0**Or*-r*-KIKI 

cooo*o*oco*oor*-oco 
KI Kl r*-r*-K> r*- KiN'jK 

****uim**in**tn**in 

inininininininininin 

oooooooooo 

oooooooooo 

NNSNMMi->-00 

l*-.f*.t*.CMt*-CM«**»«-.- 
*O*O*O00*Ocointnc000 

NNNNNNNNNN 
XXXXXXXXXX 

^O >0 'O *o *o *o *o *o *o ^o 

ouuuouuuuu 

SO 63 00 M 00 K> »J-^-«-«- 

•«*«»«* O»» o. r>-r«. rn Ki 
N>ONh.<OSKIKIOO 
coco<o-oco-oof^ooa 

•>* ■>» in m ^ in >*• m >* in 

in in m in in in tn in in m 

oooooooooo 

oooooooooo 

N- f- h- CM N. CM M Kl O O 

r*-r*r^"CMN-cMinin»-v- 
vO'O'OcO'Oooinincoeo 

triTtriTO-iTO-o-crtrtrtTtTacrcrcrcrD-tTirjTcTiTö'Brcroro-D-o-cr trcrcro-crcrtra-trcr 
oooooooooooooooooooooooooooooooo oooooooooo 

*0,O»O«O,0»0>0,O,O>O*O>0*0*O>O»O>0*O,O»O*0^O*0M3^0^0^^^^»o*0 «o^*o«o*o>o^^o^^o 

>0^0^0^0^0^0^0>0^0>0«0>0«0«0«0^0^«0«0^{>^>0^\0>Ü^O^C>NO«0^^0 «ONO^O^O^^O^O^O^O^ 

ooooooouuuouooouoooouuuouuooouoo oouu o"o"o o"o"u 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
0O00CMCMC0CM0000CMCMC000CMCMCO00CMCMCO0000«0CMCM00CMC000(MCMCMCM 0OCM0OCMCMCMCO0OCMCM 
^o>ON.N-**in^o»or*-h»****inin'd-**inin>o*o>o»ON.h»^3'in***4,ininN.m *ON.^inr*-in*o^N-m 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
mtntninmmooooooooinmmtnooininininininmmtninoo oooooooooo 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM Kim CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
'•••l*»«lllll«»Slllllill«l»l|||f llllltllll 

oooooooooooooooooooooooooooooooo oooooooooo 
OOOOOOC300000000 0000 000000000000 0 oooooooooo 

ininsnininininininininininininininintnintntnenEnmininintnminin intnmmininmmmtn 
NMNNWNMMnnMIOnnKlMmMr-T-OJMMNNfMMMMMMW CMCMCMCMmrnCMCMKIrO 

oooooooooooooooooooooooooooooooo oooooooooo 

oooooooooooooooooooooooooooooooo oooooooooo 
OOOOOOOOOOOOOOOOOOOOOOC3000000000 oooooooooo 
oooooooooooooooooooooooooooooooo oooooooooo 

oooooooooooooooooooooooooooooooo oooooooooo 
• •••»•••••■«.•••■••••. •».««..»• «|A     i • •(! 

oooooooooooooooooooooooooooooooou oooooooooou 
oooooooooooooooooooooooooooooooo'< oooooooooo< 
ooooooooooooooooooooooooooooooooac OOOOOOOOOOZ 
inminmmmininininininininininininimninininininininininininmz in in in in in in m in in in 2 

• •iitiiiiittiiiitiiiiieeoifaiiii 1 • a 1 1 • 1 1 g 1 

O o 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOin OOOOOOOOOO*- 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOO 
K)iOKli<)KllOKti<ii<ininKiKiKinKiKinininininininininintninininin 11 inininininininmmm n 

** tiiiiaiiii 

00000000000000000000000000000000 eg oooooooooo «J 
00000000000000000000000000000000 *-» OOOOOOOOOO ♦> 
"••• ..«•.••.... ..••••••. «o   ...«■••.••o 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 4-* OOOOOOOOOO ** 
00000000000000000000000000000000x1 inminintninoooox) 
m in in m in in m in m in in in in in in in in in m in in in m in in in in m in in in m 3 CM CM CM CM CM CM in m in in D 

* »    •    •    a    a    «    a    a    i    i    a    ■    a a    a    a    a    a    a    a    a    a    a    a    a    a   CO a    a    a    a    a    a    a    a    a    a   CO 

•*■>*••*•*>»••>*•* «*«*>» «s- 

omomoooinoinomoinoinoinoinoinoinoooinoininin a oooooomminm a 

in2tn2IAlnin^ir'0in0ln0iri0in0ln01n0sn0in4Atn0tn000 ' ininininininoooo a 

mNO«-o^*oo»-in a 
«*in-OCOCM>4,»»l'-CM»»  a 
r-O^ONN^r-SN  a 

-       --_  - T- WsJ»-^      K>. *a 

*00*0>0«0»0^*0^*ONO*OONOVO>0»0'OVO*£XK»VO»0*0^0*0*0*0>0*0*0*0 ^*0*0->ONO^^O,0^*0,0 

184 

-*v» OOOO CM IM r*. CO 

r-S- 

N>S- 

co co 00 co 
•0>0*OvO 
nnnn 3

5
5

9
. 

7
3
5
9
. 

3
5
7
3
. 

3
6
2
2
. 

^»■in •^ •*•*»» **m*»** 

m»n ******** «*m**** 

00 OOOO OOOO 

00 «-"-«— 000»- 

CM CM ■* K1*»M KtMO»- 

COCO UIKlinM 
MOMO 

a    a    a    a 

»-v-O*- 
«Ovpsoco 

N N 
X X 
«OM3 

«OM3 

O U 

N 1*1 N N 
3 3 3 3 

1*. (*.(*, r*. 

«J 0 0 u 

N W N N 
3 3 3 3 
KSNS 

0000 

3
6
8
3
.9

 
3
6
8
3
.9

 
3
6
8
3
.9

 
3
6
8
3
.9

 

OCO 

OCM 
CM CO 
OO 
Mr*. 3

5
5
9
.2

 
7
3
5
9
.2

 
3
5
7
3
.7

 
3
6
2
2
.8

 

** ***■ »51 s* °*rm **m**** 
******** «*m **m**** 
OOOO 00 OOOO 

0—*— *—<r— 00 0001- 

«*M«*M 

iflflinK) 
MOMO 

a    0    a    a 

OM 

a   a -6
1

.3
 

-6
1

.3
 

-8
9
.9

 
8

1
.1

 

C
L7

17
0 

c
l7

1
7
p

 
C

L7
17

0 
c
l7

1
7
p

 

ao 
N.I*- »***— 
IN.N. 
—> -1 
UU c

l7
1
7
p

 
c
l7

1
7
p

 
c
l7

1
7
p

 
C

L7
17

0 

00 OOOO 00 OOOO 
CM CM OOOO 00 OOOO 
t*-tn N.N.IS.IS. r*-m SinNS 
c*r*- Mwnn MS e>r»-KiKi 

00 OOOO OO OOOO 

mm OOOO OO -OOOO 
CM CM 
l    a 

CM CM CM CM 
a    a    a    a 

K(CM 
a    a 

CM CM CM Kl 
a    a    t    a 

OO 0000 OO OOOO 
•    •    .     a 

OO mm in in mm mmmm 
CM CM CM CM 

a    a    a    a 
CM CM 

a   a 
CM CM CM CM 

1    a    a    a 

mm mminin mm mmmm 
w—«** OOOO MfM w- v- *— O 

00 OOOO 
a    a    a    a 

00 
•   a 

OOOO 
a    a    1    a 

00 in in in in mm mmmm 
00 *—w—*—«p— CM«- OOOO 

a    ■    •    • *    • •    a    .    . 
00 OOOO 00 OOOO 

00 OOOO 00 OOOO 
•    • V) •  •••«• . .ess a    .    .    a 

000 OOOOU oou OOOO 
oo< oooo< oo< OOOO 
oox ooooac oox OOOO 
in ins KlKIIAinZ «nz KiMinn 

CM »* CM 
1  1  1   1 

00 OOOO OO OOOO 
•    a ■    »    •    • 

00 OOOO OO OOOO 
00 OOOO OO OOOO 
00 OOOO OO OOOO 
min H mmmm H Kim N »-«— T- Kl 

.w «^ «-« 
00 a 0000 a 00 CO OOOO 
oow OOOO«-» oow OOOO 

•  • 0 .... 0 •  • 0 9   .   •   a 
0044 OOOOV oox OOOO 
00x1 XI mmxt mmmm 
mm 3 3 l*-f*. 3 CM CM CM CM 

a    a  CO to CO 

****** ********** ******** 
****** ********** ******** 

MMKIIV1KI K.KIKI K» KIKIKI 

MrinMri KIKIKI KIKIKI Kl 

00 I omom 1 mo 1 ininino 
T- «-  a T-      *-        a *~ » «- 
mm a momo a oin a 000m 

a -r-        T-   a "—        ' *—«--— 
«OCM a OOC000 a 1*-*» a *»OKI00 
00*-  a ininrOKa a O*» a *00**CM 
m*o a inmmin a OKI a 

Kir*-  a -—**   a OJCMCMCM  a ** 
****** WMMKtM ****** ******** 
*o *o*o f*. r*. 1*-. r*-r*- l*-r*-r*- r*-r*.r*-r*. 



Id 
OCJ 

</>(M < 
CCr- 

~0 

•oat 

TJ c 
_ llf 
— > a 
i> o a. 

.e a. 
o o 

€0'Ococoo*0"-rür\jr\jr^r^rüooco^oi^s-N-f^»/Mrvir»a)coo*o*«-f^N-N-r^inos-or^CMr\ 

CMrncMCM*^^c>inininininincMCMrotnintninC>c>c>CMCM>?-J-c>inininin<>CMincMinrMC> 
cMincMcM<o^roinininroroincMcMinroroioroc>c>(>CMCM<0'Orororororoc>>oroorooc> 
'Otnooinroininintno-oroo-oinoo.-r.^ininro-O'Oinroin'O-ONj-sj-inintOro^'inin 
rOrOrOrOhO^rOrOrOhOrOrON.rOrOrOrOror^r^rOrOh.rOhOIOh-rOrOror'^rN-rOrOroKK.rOrO 

ooooooooooooooooooooooooooooooooooooooo 

»-Ow— »— OOOOOO«— «— O*— v-O «-«-«— *-«—*—«— «-v-OOOw— «—«—«—«— o«— o«-o*— 

<4'rM^>*oooo<oooo'OCMr^T-y7cMr^inr>»inococo*->»coco<or^inN.inoc>eoc>cocoN- 

m «- »- in co oo in CM IM <M in ci.ro «- in«- CM m f\j m o o o>«- m co oo in CM m ro m o o> CM o. CM «- N» 
*-**oo«-ooin******Ov-f>to*—%*eo%»-oo**in i   i cD«-oomco*?co «4-in 00*4-00*4-0 

•   i       ■   *   i   i   i   t   *       ii       it       i       it iiii       i       iii       i       i 

o*inrMC\JO.inoinc\jcjco**'-cOfOK»Nj-*s-roKiv»^s-or^ 

fMO»ninfvJOCMO»inincM**»-rjoocON***cooo****S.**r^ 
ooinmooooinin>tcoo>4'inincocoinmeococo<ac0 
proinroininroroinro*»-»-ro-4-«»cMro«—»CMro>--t-rorn 
S-SMKKlKlKK.mKKlSKMmNKISMNMKKKKi 

LntnN^m^^min^tn^,inm^-^'m^m«4'mNtmtnin>r 
ooooooooooooooooooooooooo 
Ow-«-»-0*-0«—«-«-00«-0»-»-OOv-v-OOw-«-*- 

co f- oo oo co r- eo N. oo co in »* ro •* CM CM r- r>- CM CM r<. h- s, *- oo 

^>»^^^v»«-«»^»-ooopoop>t>mwo>o^cöeicMM(ö 
O     OOO     0>      0>0>IAKIN'fSMM>>SNO'»     tnCM 

INNHNNNNNrJI N N *l N I I H M N N N I N H N N I I N N N N N I I N N N N N N N I JIJIJJJJJJ >I]]]JI1])]1J]>IJ>]II>>I>>I]I1)>]1J]I))IJJIIJ))))])]J] 
r-r~-r^r~r^Kr--r--r--r~^r--r--r--r--r~b-^r^r«-r-h-r^r--r--r--^r--r-r-~K^ 

— o << 
c< 
>a 
ou 

»CM < 

»O 
•oz 

K> 
■D C 

_. iiu 
— > a 
« v c 
O — CO 

j= a. 
O 41 
«CIO 

h-r^r--h-r^r--N.r--N.r>-r-r~r~r---r^N.b.r--N.r--r--rwr--r>-h-r--r^N.r--r^ 

oo >0 oo oo o o «- CM CM CM r» r<- CM co 

CM ro CM CM -»-j- om in in in in in CM 
CMincMCM-ovoroininmroroincM 
*Oin*O<oinrotninmtn'*0**QrO»«0 
rOrOrororor-rorOrOrOrOrOr-rO 

cO>o^h.^i^inininooooo>»>-K-KS.t^inc>r^c>r^Ovinc>incMNO>inc>incMCMCO<l'^oOKIK)>*^K)K)«»>»KC>K 

CMroininininc>o>c>CMCM^^c>ininininc>CMincMincvic>cM(>>inincMC>CMOvmincM^^CMCOCo^^oöco«»^^^N! 
NinMnnM^o>&NNs><)MKiMKinO'OMOKioc>oc>ininoc>oc>inin*So<?inKSco" «asc-jr» 
■Oin-o^o-j^ininro-ovOinroinNO-o-^vrinLn-Oro^ininroroinroininfo 

in m eo oo COMJ co 
.      Nt-rgro»-»-roro 

■4--4--*«4--»t-in««t--*"r*st^-'4--»4-m»# 

^*,***a-**'**in***a'^*'^,>*>*in** 
oooooooooooooo 
«-O»-»-OOOOOO«-T-O»- 

•*CM«—4-0003-OOOO-OrjN.»- 

m «- »- m oo eo in CM CM CM in ro ro «- 
«-■■»■ oo «- o> t> m •»•>*•* o »- o eo 

•* ■* ■» in in •* •* in •*•* •* m •*•»•* in in •* •* •*in in •* •*in in •* in •* «»in in •* m >* m in •» •* m •* m ■■# in •* in m in ■* 

^^stf'^'ininsr^tin^^'^-in^'^^'inin^st^'inin^^inin^in^t^'inin^in^inm^t^in^in'^in^mmin^' 
oooooooooooooooooooooooooooooooooooooooooooooooooo 

m«-cMmcMinoooT-incocotnrMin(MinoocMO<CM<—a-«--*»—--u—»^•»^•^oracooo^o-cocoo-oracorjtnro 
^■•j-m^co^m •   • eo^ooinoo>»costinco-»eos»o    o    ooo    o    o.OinrorwN.sIoSKKo.0.    KCM 

■      I      I       I I      I      I       I      I 

O.Q.O 0.0.0.0.Q.Q.Q.O O.Q.O Q-O-O Q.O 0-0.0.0.0 0.0,0.0.0 QX> 0.0.0 Q.O OO Q.O Q.Q.Q.O Q.O 0.0.0.0.0 0.0.0 0 00 00 0 00 o_o 

CO — 
ou- 

•» 4^ 
o> v——j 
o> *< 

u< 
c <d. 
3 u 
-a 

CM at 
O % E 
CM o— <>- 
■n 
e> •- a 
3 =tt e 

o— • <►- 

U) 
m^ CM   • —* « U 
V o U 
u << 
X 

v"   • 
u « o *-» u o 
a << 
I 

o 
3 CM O »— ^•u 

u a 
L. <« 
o 

H- 

a 
u «- 41 < *« 
X u eg 
z <u 

i- —< a 
a < L. 
a. a 
E <□. 
o a. v 
u uui 

** cj 

(ACM 
ro 41% 
-j XI 
Ul O»- 
VI 1% 
a. 
-j fr- 
«j M 

UJ 
3T Ot. < _J 

uuouuuouuuuuuuoououuuuuuuuu uu uuouu oo ou"ou o"o oo"uu"o o uuu oTjudcjud«jcjuu"du 

°°°°°°°°°°.°°°°0.0.°0.0.0.°.°°°°° 
S222S222222222S2222SSS222S220°°0°°°°oooooooooooooooooooooooooo 

    .   -iKiAMnKmmiAS 
. ro r>-r^ ro ro N-ro r^ ro r«. ro N->>• >v ro 

ooocaooooooooooooooooinoooooooooooinooooininininooooooooinoooooooooooooin 
rOCMrOrOCMCMCVlrOrOrOCMCMCMrOrOCMCMCMCMCMCMCMMrOrOCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMrorOCMCMCM 1 I   I   I   »   I   I   I   I   I   I   I   I   I   I   I   I   I   I I   I   I   I   I   I 1   I   I   I   I   I   I   I   I   I   I   I   •   I   I 

°°°°0.°°°°°°0.°°°°°°°°°0000000000000° 
in in in in in m in in in in in in in in in in in m m m in in in in m in in in in in in in m m m m in in in m m m m m in in in in in in in in in in in in in in in in in in in in 
CM CM CJ CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CNJ CM CM CM CM CM PJ CM nl CM W CM CM CM CMCMS 
■"'•'••■••'••'•••••''•'•••''•«■••»••»•■••••lllllllllllllllll!!!! 

0???0000000000000000000000000°°'°°°°°°°o°°o •■■■•■    l i    i    I    I    I    I    I    I    I    I    I    I    I    I •    •    I    i    ■    ■    i    ■    ■    i    ■    i I    I    •    ■    I    ■    ■    ■    ■    ■    i    > 

ooooooo^!2!2!Q!|2!5ggS^2!2^!2!|2^SoSSSS 

ooooooooooooooooooooooooooooooo'ooooo'ooooooooooooooo 

2SH2S22H2S222222222S22222°200°ooooooooooooooooo 
2222222222°000°woooooooooooooooooooooooooooooooooooooooooooooooo 
00000000000000000000000000000000000000000000000000000000000000 
^^^^^^^^^^^^^MMMMMMMMMM"m^mm^^^^^««^«^«^^'nin'nKinSSSSSSS5S°SS°°Sro°° •••■•••     • • 1 1 1 1 • 1 1 ■ ■ ■ • 1 1 1 1 1 1 1 ■ , , ,  

°°°°°°°°°°°0.0.°°000°°0°°000000000000000000 
22222222222222SS200000°0'°0,°°0,°°ooooooooodoooooooo 
22222222222222220000000ooooooooooooo0000000000000 
0000000000000000000000000000000000000000000000000 
m m in in in m m m in m in in m m m m m m m m m m m m m in m m m m m m m tn*-*-»-I-»iJ-J-i-£-»-S-S-Jororo 

000000000000000 
000000000000000 
000000000000000 
ro ro ro ro ro ro ro in m in in in in in in 

000000000000000 
000000000000000 
000000000000000 
in in in in in in in in in in in inmin in 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

ro ro »o ro ro ro ro ro ro ro ro ro ro ro ro 

ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro 

mmoinininintntninoininom «— v—        w  
oomoooooooinooino 

oocor^r^-NirororMco^'OoincMrM 

m-oinin>o«-N.r>.oooinin»^oo 
in       IMCMfMCUOdN.«— «- 

r^r^N.r^N-N-r^r^N.N.N-r^iv.r^h- 

22222222222222000°oooooooooooooooooooooooooo00000 °°°°°°"°°°°°°°000000000000000w0000°°°°°°° 
0000000000000000000000000000000000000000000000000 
Sl!ll!)l!ll!ll!lS!lüll!lltllt!![!ül!ninlnin'ninln,ninlninininin|n|n|ni'>''"ni'>ooooooooooooooo CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM m m in m in in in in in in in in in in in 

«» »1- »»»» »J- "J- »* »* >» ^ «»«*•»«» V» •>* »J- V» ^ .» ^- ^ «»»»• V» «J >* ^- «t -* ■* »* •* S» ^ «» ^ »* »» V» «» «» »» N» >» «» ^ ^ ^ 

»»«»«»»»«»«*■>*• »*«»•* V» v» ^-s»»» v» ^-»#^,» »J^t<f ^- ^-«»«»»»-«J-^ vj.»» ^.«j.^.^. ^.^ ^J. ^J.^^ ^^ ^,j.^j.^. „j. 

inoinoininininotntnininotnoininoinoinoinoininmoinoinininmominoooooooooino 

oinoinoooomooooinoinooinomomoinoooinoinooooinooinininininininininoin 

CMCOCO^%3'W->J-O«-T-«— N-r,-N-f*-roroororoo\c>'0*ocMCMC>ino»c>ininin»-in^-*4'*^si-oo^o*ocMCMCoc>CMC> 
r^uiinc>o»inoocM^^incor^roror^r>-rov300.c>inino^o»^cooococMCM^inroooo»inc>oO'-'Ooo>CMCMooio 
^ininooiny3CMOO^>ocMininooinxo^^^<oo^^<)»-r^KroroC^^^oooorov0^r>.ro^r^cMooro<?-<o 
^(\jcMN-r^cMCMr--»-»-^-m'r-rjrvjN.s.r\j(MrjN.r^cMCMr^r>-cMr>-cMrMr^r>-cMr^    vt^r    »-vo>-<oror-.ro Kin in 

r^i^r~-h~r^r^r^r--r^r--r--N.r--r^N-r-s-i^r--r^r--r--r^r~r--^r--r--r^r^h^h~r^^r^r^r^r^i^r^r--r^r^r^i^r^ 

185 



c< so. 
OCJ 

intM < 

•* 
■ö c 

• UP 
"^ > a 
«IIL 
«J— o 

J: a. 
o o 
<W 

a a 
*JW 

«o~- 
ou. 

r-WX 
-« O << 
C< 
SO. 
ou 

(ON < ««- 
«o * 1 

<uz 
»■ 1 

T3 C 
* 4»«J 
' > a 

■ i «i i- 
c. j— a 

J= a. 
u at 
<t/> 

o SI 
4J-* 
C0~- 
ou» 

»t ** 
o> 
o* **< 
V" 

u< 
c <o. 
3 u 
"3 

IV «1 
o> %E 
«M «j— 

<i_ 

■o 
<M «- «i 
3 %e 

o— 
B «tt- 

0) 
.w (VJ    • «^ * u 
«1 U Ü 
o <«s 

« 
v™   • 

t. «I o 
4J u o 
<9 ««: 
X 

o 
3 ■M «1 >— %*J 

u a 
L. <« 
o 
V- 

« 
u «— ej < %<-• 
3C u a 
S£ <tt 
S3 
c «^ •w** 
l_ —■ a 
a < i- 
o. a 
a < a 
O Q. V 
u u« 

*J u 
t. •» 
o « 
a 
u «j 

me » 
ee 

' WIM 
ft «)% 
_l •o 
UJ O^* 
</s s% 
a. 
_j »— 
u 

Hi 
ST o« < _l 

•O *0 M t*- CO •*© *0 *0 CM CM N. N- *0 N- f>- IN. N- N- h^ N- in CM CO CM ->0 O *T »>- "O "O hO N- in CM 0} rgNCOCO ^00 COCO «-^^«-^«-^^ \OsO^>0 «—«-v-«-^»^<o V) <o mcocMcoco^^^oor^^o^r^r^^Kf^eomoeoooru^coincorJcomocooo^^^^c^ 
M>*cMM^^CM^tnM^^cd^^Nfr^*j-^^inM^inN»inMMM^rsirninMN* 
MM^MMMr^MMN.MMr^MMMMMMr^Mi^MMMM^ 

** sj- m »4- ^- <r in *4- ■*» in *4- st in <r ** ^J- *J- *J- -^ in «<r in vr <t +& **■ m ** ^r %* in «tf- •»* in ^*&ir%^in^in^in^tPi^^^inin^^<t\jnin^^ir\u^sf^^tf\ir\ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooc 
Ow™0 0«~00 000 0 000 0 0000r-w—0 000^~»~v—0«~0 0»~OOOv—v-«r-v—w—OOv"T-0'>r*Ov~,00'y~Ofl~0»*"Ow—0 0^0»~0 

eOin^N^OOO(hOvOOMOOOOOON^O^O»N^^ÖOOWvfN^O^i>(0^v*st^NNMM(^0000*v3''00»OOOOOi>^^0^0 

^*#eo**^mminivcMoeoMOcoocoococd^mm^(>MMM^^eo^^mm^^ 
tnN*<4-c0Mininin (M<OOCMSQCM'OCMNQ     ininco^ö^OinincMinN-^coininco^or^- **^*N.N.O     r>     osco g co ° co     o    c>oo • 60 i oo 

«       »   i   i   t   )   i ii       *       i       i •   i   i   i ii       ii       iii ii i       i       ii       i       «       i       it      t       i 

NMNNtMNNNNNNNNNMMHNHNNNN 

OUOOOOOOUOOOOOOUOOUOOOOUOOOUUOOOU<JOOOUUUOOOOOO'»OÜUÜUUUÜOUUOUUOOU 

N. «- in ^ in o o o O o f>J CM N- r\j f\j r\s «NJ CVJ CNJ N. C>- O^ in «>. *- ^^iN-s^mKNChin^o^oooo»-^^^w^*o^^ö<i"'r-v-»-vO*0'0'OW'r-v-<»-«- 
^^M^co^^O<)cvrjh-^^^h^N.r^r^Kr^inc>jeO€V^c>^r^^^MKinrgoorjf\j« an toOJ co co«- v-v-oob-N.of^h-b-^r^r^winowoof\jvoeoinwrNJWino«oo^^ 
M^fMM^^cVN»inM^^*c\i^s^^^s*^^into^y%^inrÖMM^CN4fou^fo^»nM^c^ 

^^in^^^in^^tA^^in^^^^^^u^^in^^^^u^^^#^in^^insj'*3'in'*3' in^in^u^^tnN^^^tni^^^^inin^^infcn^^^gnin 

**■ <■ ln*a'^■ ** m **• sf in»* ** in <«* ** *# sj-ss- -** in **■ in«^ ^^■•»*in •** ** *^ m ** ** m <f ■*s■^nNS■ tn^tn^&n^in^^s^inin^'^-^inin^^tnin^Nt^&Ain 
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
0<*— 0OT-*O000OOOOOO0OOO^-«~ 0000«~V-«-»0«~OOV— OOO«— rrr-rOO^^O^O^OOrOrOrO^OOrO^O 

WW^N^OOO0«^OOMOOOOOOK«OT"«hN^^C0«lfl^N^Of-at0^^Nj-^SNMM0'OOO0>^>0O'flOOOO0»^«ao«0O 
^^co^»*iV^intnrvirJOcoMOCOocoococj^intn^o*MMro^^eo^^inin«-^^NO<)>^ 
inN«jeOMininin        r\i*oo«rvi\ooj^N«o    tAiAaa^vominojmN^ooinincOvOK •^■SS-N-N-O    O    oeo « eo • co    o»    oeo i co o oo 
■ i    i    i    i    i    i II i i i IISB ii ia iti II i i ii i i i II i ■ 

o 0.0.0.00 0 0 coo ooo ao ao ao 0.0.0,00 0.0.00 aaaaaaaooooooooooo 0.0 0.00 0.0 ao ao 0.00 o^ o. 
^~ ^~ ^~ v^^™*w~^~ v* w- w" «^ v w™^~^~^^^"*r"«r"«™«™T~T~ ^™ ^~<r~^^ w~ «r"^"*- T"»-r"^~ «™ ^~ w~ w~ ^~ ^~ v™ *~ «^ w" v"<r^ ^r"^~ *^ v~ ^~ ^" v- v~ wm v" w- «r™ •" w™ w- w- w™ 

UUU OUUUU ü ÜCJ UUUÜUUUÜUU OO UUUÜUUÜÜÜÜÜÜ UUUUUUUUUUUU UUUUU UUÜUWUUUÜÜUU 

0000000000000000000000000000000000000000000000000000000000000000 

0000000000000000000000000000000000000000000000000000000000000000 
OOOOOOOOOOOOOCDO0000000000000000000000000000000000000000000000000 
S-i^ IA ^k^t^in f»-i^ u^ l^ ^in ^ r^ h" K^ K 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooininmooooooooomooootnoooooomooooooooootnoooomooooooooinoooo 
Nl\!C\JNC\JC\JNcV<NJC\!C\ICVCS9C\JrvJf>JNN 

• •<*tlt«lllllllllllllllllllllllllllllllllllllllllllllllll(llllll 

0000000000000000000000000000000000000000000000000000000000000000 
inininu%u^w^inEntniniv>inininininininiy^inu^iriir»inin(nini^ 
N c\a r\i CNJ N CM N (VI CM rvj c^ c\i cv i%) rv t>J f\J CNi N N tM N 
iitiililiiiiiiieiiiiiiiiatittiiiiiiiiiiitiiiiiiittBitiiiiitlliio 

u%ininu^tnininininu>iriv^u^i^eriinintn&nirtinin 
NWNM^NNNOOOOO^-r-NNMM.NOOOONWt-^NNNMOOOO^NNMMNNNNNNWN 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
itiiisiiiiiiiiiiiiiiiioiiiiiiaiiiiiiiiitiiiiiiiiiigiiaiiiiiiiiii 

iri 1^ ui u^ in in tn in in irt tn in tn in 1^ in in y^ tn iri IA 
OOOOw-«r»v- CM«— T-«—«— w-w-^-w-w-w-v-o^v-^-'a—s— «— O^OOOOw-^-^-^«- «— tr-v-T-CM CM O O O «—«™ ^ «-«^ «r-«—«—*^ (M (M fvJ (M OJ fS! CM CM f\l 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOO00000000000000000000000000000000000000000 
intninwin^inm^^r-^T-^r-T-^^T-MMMMMMnininininmininininininm 
• »••aiiiiiiiiiisiiiiiieaiiiiiaaiiisiiaiiiiiiiiaatiaiiiiiiiiiiiii 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
M MM M M M M M in in in in in in in in y^ in in in in in in in a^ 

0000000000000000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000000000000000000000000 
0000000000000000000 000000000000000000000000m m m m in in tnin in in in mm m m mmm in IAW 
in msn m in in in tn in in in in m m in in tn in in tn in in in in u^inu>»inin^irtinminiAinininiAiAininNNNSNSNN>SNNKNNN>SSNSKN. 

<P■**■ »* *4-■»**dh****** *4-** ****»^** *& •>&*t «*^**•* •* •*»* **-4-•***•*«^ •*-*•*•* ****^^^»*«*v*st-fc4'^*3-%3'^^^'^-«#-^^*^^,*4'^'%i'»4'«*^^' 

oinsninooooininoinooinoinoinOininininominoominininmminooo 0000 000 omoinoomomoinoinoomom 

in o o o in in in in o o in o in m o in o in o in o o o o in o o in in o o o o o o o in in in in in tninminininotnominoinomoinommomo 

r^^oOKmcocüO^r^T-r^r^oooMMininMino^u^^ooeON^ 
r* i^ M co <r-w co f^ m T-in m «-r^ r^ co co o^ CN co in o iv% in co co ^-^ 

in       CM CM ^O Kl CM N- CM CM N. f\J f\J CM CM CM CM tn f\J IK- CM CM CM CM in «— v- <r- in «r-CM N-CM OJ N-f\J t^ CM N->* CO        sj-        r-*-\0NO'-»-»-'0»0MMNSMMMf,*S 

186 



«ocoaDv^v»oc><o>ororo*-«-^ro<^'-»-'-inLn*-»-»~*-v^c\itneooooroofoo>j-^oc>^-»-c>.CNja3eorü»-*-ir»eo*ooooKiK>ro 

c><>o.r^r^oofNjoj^^coooc\j^cohoinin^i**inininir»rjrastrNJ<><r^o^NO^r^r^ooi\jforsJC\jf>jrjrsjLnir>^o^rjv*vtst^^^ 
cococor-h-Kito****»-»- ^>**j*-^jnj^»oh-^^^>o>oroo*r^coinro'^rO'-tor^^roiOfOfNioO'Cococ>.»o^Oh»in**rnK»K)*-*-v- 
ooorjorao^rjMT-r\jo^i^rj^i\40M^c\Joc\iorj«-MOfotoio»-ro«-i\ioc\jorj»-foro«\jo«-(\jo«-ro>j-K)M«-roKi»- 

ONmMM 

incM***o*o 

»»«-toto»- 

^*^^^in**in^in^u^N*tn^x^%jin^in>*cnN»tn^»ninin^in^Nt^tn^in^inN*inininin**^iAins*iniA***4->4's4'iA'^**in **in**»*in 
^^^^m^m^m^m^j-m^^^m^m^msfm^mmm^mto^tomKim^m^mmmm**«^ **in«*totn 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo ooooo 
»-»-»-»-»-00O0»-»-OO0»-O000»-»-OO0 0»-O»-00OO00 0»-»-0O»-0»-»-»-»-»-»-0»-0»-»-O»-»-O»- «-OOOO 

rj(\jrvjcoco^vOooKiMinu^^KiiA^oooooooocor^r^ro^cou^CNLno-coco-o-0(nvOMiri-oeo^>-v»o^or-o3vi-^-oro t>»-coinin 

co coco IM CM »-»-IM CM »-»-coco • •~ooiMrohoniOKiKiiOK)^o^cot^o>ooovocovOcMN<-«->oc><cO'-«-inin(M(orMorj>-co        £.«- »ioincoeo 

INMNNNNNNNNI INNMNNNNNMI I N N N N N I N N N N I NNNNNNNN 
* »3 SS 3 3 3 JJ a 3 3 3 3 JJ 3 3 a X 3 3 3 33333333333333333333333X333333333    33333 

uuuuououuuuuuuouuuuouuuuuouuuuuuuuuuuuouuuuuu O"O"OTJ"IJ"O"O"O"O'O"ü"O ooooo 

CO CO CO «*«* O O <0 -O Kl M»-«->OM »-»-»- i-lfiin«-«-      .-v,(J>-c0100MOMOvr^OO-J«-0-NO(ONi-<-in(0'0000(OMm 
ot>c>j^^ootMtM'0^cocON'OcoKimm**>*mmmmiMiMmiMt>v*^.*yj^ix.i^ 
cococor^N.toto>» •*«-»-«* «*•*»- ■*iM<o>or<-i><-»o<o >O>OKI»>O com M«-to»-Mh-N-ro KIIOIMOO COCO o»o>or-in»» IOKIKI»-«- «- 
OOONpNpsfNKI<rrüp^nN'-NOI<)t-rüONONi-NOKIMKI«-(0>-(\IONONi-M|llNO^NOi-(ll'»MIO»-KlM<- 

^^^^mNffm^m^m^m^^^m^m^m^m^mmm^m^^^m^m^m^mmmm^^mm^inin**«*'**«*»^****!^! 
^vfvt»»!^^u^sf i«srin^invrvT^in^in-*in^in^vninuis?iAMKiMin^i^sruivrinininiA>tv^ 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
»-»-«■-«■-»-oooo»-«-ooo»-oooo»-»-oooo»-ooooooooo»-»-oo»-o»-»-»-»-»-»-o»-Ov-«-o»-»-o»- 
NNNe0e0'0-0OOMKltflin"-MinC>OOOOOOOOC0KVOM«-e0in0Mn^C0!0>0>0e0»0Mlfl^O-0T-^O«-O<-C0^>tOM 

»!>0'Ov»NNOOSNinui4NinNOONNOOOOtO(00'^OS^NinNO>»NSaO>OnNOa^O>000«\>Oo\is 00 CO CO IM CM »-»-«M IM»-»- CO 00  e »- C0 CM Kl Kl Kl Kl Kl Kl Kl Kl <0 >* CO t^ 0*0 00<OCO>O CM CM »-»->0 O 00 »-»-m in IM CO IM O CM «P-co Kw- 
»     < llll 1      I     ■     1     I l     •      |      | l      ■     *   *-   i      t      i      i     i ii ! , , ,lv_ i i! 

' I 

JP-JP-JP-PPPPPPPPPPPPPP-PPP-P&PPPS^-P-Po txo oooooooo no 0.0.00 noo aaoo aoo ao r^r^i^r^r^i^i^t^r~7^i^r^N.r».r^7^i^7^7^h.t*.r^i^.^i^KiN-^ 

H'-'^-jjjj-j-jj>j-iajj^j-'j^^^jjjj-rfMjj^j JJJ^JJJJ^ _j.rf.rf j_j.rf.j«j^#.rf_i_jM*_j_j.rf_i 
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuouuuuuuu 

°°°°°°°°°°P,P-
O,ooooooooc>000000000 OOOOOOOO OOOO OOOOOOOOOOOOOO    ooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo        ooooo 
PePP0?0P0P0P0PPP0P0P0P0P0000000000ooooooooooooooooooooooo        ooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo       ooooo 
■nininooooooooooooooininoooooooooooooooooooooooinoooo ooooo ooooo        oooinin 

°°°P,°°°°P,°°°00000C>00000 OOOOOOOO OOOO OOOOOOOO OOOOOOOOOOOOOO 
m in in in in in in in in in in in in in in m m in in m in in in in in mm in in in in in in in in mmmmmmmmmmintninmininmininininin 
IM IM IM IM CM IM IM CM CM CM IM IM IM IM CM IM CM IM CM IM CM CM CM IM IM CM IM IM IM IM IM CM CM CM CM^ 
 »iiiiii II »•   i  »  i  *  i  •  i   i   i  i  i  i  i  i   i  i  i  i  i  i   i  i  i  i  i  i 

inminminminmmmminminminmmminmmininminmmmmmintnmmmmmmmtnmmmmmmmmmininminmmm »|NnNNnnr-r-NNMn»-NMOOO.-r.NNMMO^ 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo  • •   •■•••••   i   ■   •   i   .   i   •   i   i   ,   ,   ,   , 7 7 7 7 7 7 7 7 7 7 7 7 7 

•™^°°   .   .*■."11*1 "1""^   .   .   .'W.TI^'TI^^^^^™™M~™~0000»-»-»-»-»-»-»-»^»^£IM™CMMCMCMIMCM 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
ooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooo 
rr-ruimifiininmu\inifiiftini«inrt-i-r'rT-rt-rioKiMnnMMKiMnminmmiftiAini\mininvyi 
IIIII7777777I7* 777* 777**77777777||7| 

ooooooooooooooooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooooooo ooooooooooooooooooooooooooooooooooooooooooooooa 
oooooooooooaooooooooooooooooooooooooooooooooooo totOKiKitotot^KitoiotOKiiotOKiKimmmmmmmmmmmmmmmmmmmmmmmmmm 

oooooooooo 
 • • •» oooooooooou 
oooooooooo«: 
OOOOOOOOOO 3C 
ininininmininininiAz 

ooooo 
in in in in in 
CM IM CM (MIM 

intnimnin 
IMNM*-<- 
ooooo 

ui in in in in 
»-»-»-IM CM 

ooooo 

ooooo 

ooooo 
ooooo 
ooooo 
MMMMM 

ooooooooooco    ooooo 
oooooooooo 
oooooooooo 
oooooooooo 
in min in in mm in inin N 

ooooo 
ooooo 
ooooo 
mmmmm 

2S222222SS222°52°222222222°0000°oooooooooooooooooooooooooa 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo*» 
ooo 
mmm 

ooooooooooo 
mtnmmmmtnininmin ooooooooooooooooooooo 

in in in in in inin in in in in in in in in in in in in in in 
N.^i^h.N.N-i-~r-^(^h-h-h-(--r~-N.(^r^r-r-.N. 

oooooooo 
mmmmmmmm oooooooo 

in in in in in tn intn 

******s*******»*%*****>*>*s*- 

>*****>*«*****»***.*>******* 
Kl tO Kl Kl Kl Kl Kl Kl Kl Kl Kl Kl Kl Kl 

to to to to to to to IOKIKI to to to to 

mmmooooooooooo 

**«4-***»*»*»*****'**-*'****»*************%*** 

****«*****«*«*»*«*********»***»*»***.**4.*a. 

IOKit0IOI>0KiKIIOt0f0KllOfOl»\KlK>KltOt0KIIO 

MroKiMioMnnnnnnMmMMMKiKiiom 

oomoommooooinmoomooooo 

■* ■*«*«» ■* >*»*>* 

Kl Kl Kl Kl Kl Kl Kl Kl 

Kl Kl Kl Kl Kl Kl Kl Kl 

ooooinoinm 

«*«*«*s»"*«*>» «» 

********«***»*N* 

KIKIKIKIKIKIKIKI 

Kl Kl Kl Kl Kl Kl Kl Kl 

oomoomino 

0000004X 
in in in in in in JJ 
ts.fv,r>.r-f-~t~- D 

»*>*»*«*«*>*«* 
»t »»»»«* «»»»••* 

Kl Kl Kl Kl Kl Kl Kl 

Kl Kl tO Kl Kl Kl Kl 

omoomoi 

^2^iCD;~S^MM^^^^^^M0^M^^^^^Mm^ora^o^^Min^^^^^-^^^MKitoi>i>i^Kio^i>mmm»- i 
2K^tS2J^^°;ron0^^^M^^00"M^^^^^M^'00v'v,l"'*0Of^»-otot^i>i>mcocMfM.^—»vfvjS-o.o-JorJ(sjso i 
£22^MM^^^™ro^t*^^<>^^^^Mra^^^o™^^o^M00v*C>.iM00^OO»-»-^t^|0f00N^v*O»-™ l KIKIKI       m      mCMv0IMv0IM^IOIOM^IMI^IMI^IMt^<MK-|v-f^lMI^^*r»*00^00»-m»-mi^l^l^ , 

h-iv.fs.t^i^t^i^t^i^t^^t^i^^r^t^f^i^r^i^i^i^h-f^i^i^i^i^i^i^i^i^i^^i^i^ 

187 

ooooo 
ooooo 

■    •    «    ■    • 
ooooo 
mmmmm 
iS.F-N.h-1» 

mmmoo 

ooominmmmmmmininmuMnommooinmmmoommommmminmminmomoommoininoommommom *      ooo ooomm 

co •*«*•■>» to 
O»» Kl CO IM 
eo too»-h- 
(MK-cM»»eo 

** -* ****** 
ShNSS 



—• o << 
C< 
in 
oo 
(AIM < 

•OS 

•a c 
—» O« 
— > a 
41 e> i. 
o— o 

JC a 
u «I 

Qli. 

-«je 
—» u << 
c« 
31 a. 

to CM < 

M 

M 
•a c 

.4 41 « 
—. > a 
««it, 
CJ~- o 

JC a. 
o o 
< w 

o    «~=-^ 
o    «< 

u 
u 

CM «I 
O % e 
CM «J — 

•a 
0) w- 4» 
3 % E 

a <§— 

_ <M   . 
-» * O 
41 U U 
U << 

«- % O 
« u u 
a <«s 
x 

o 
2 CM 01 
I- %« 

u a 
<- <OJ 
o 

a 
O *- 4) < *« 
z u a 
a <« 
re 

a a 
e < a. 
o 0. 41 
u UM 

« u 
t_ « 
o et 
a. 
u u 

m: « 
a. 

OTCM 
M 41% 
_i •a 
Ui o^- 
u> x% 
a. 
~j »- 
—j 

UI :<: IX < —J 
a: CO 

s*^ «d-*j-s?>j-«4'intninLnintn«4'<4'r^«-t«-x4'«d-ininininooooN>'>-inin 
COCO r^r^inN.in<0*»-0«*<0>*h>-N-r-r>~inin>0<0«»*0»»0>0»J-'>»<0«»^«T 
MM MMNMNK)f~roS-10S.MMIOMSNMMNMSr>mNSr<lMoS 

-*«* ^^m^m-3'in«*in**Bn*j-*$'%***inin*#«3'in«tfin«3'^LninsS'in*»in 

OO OQOOOOOOOOOOO*r-«-»-»-0000000000000 

OO OOOOOOOOOOOOOOOOOOOOOOsr-«--«—ar-«—v-OO 

MM mmmmmmmmmmmmms%iMCM*3-»-inminBnN.inS.inN-iN*-ir.in 

««■«s- WNCMCMCMCMi>icMa>icMaVa\irM^or^MCMi>iaVtveMomOaneoeocMCM 
oo. coeoeotocococococococococoK«-h-«JOcocococo ■ «* > «*inineoca 

NN     NNMMNNNNNNNMNNNNNNNNMNNNNNNMNN 
2 3     >I>]]>]>11]1J]IJ]JII11]]III1J) 
KS        cococococococococococococococococococococococoeococococococo 

o u 

cocococococococococococococococococococococococococococococo 

OUOOUOUOUUOUUUOUOOUUUUOUUUUOCJU 

>o «o >o <o o •«»«*•* «»«*■ «a- vo *o CM M CM «s- «- •>«• ««■<••* »»«*■*«»• in in »»•* 

tVJ (V (\i «\J CM h- N. K. J— N. t». CM CM f>- O N. M •* N- f- f>- K »»•*•*>? N. t>» N- N. 

K K in N- m o■*<o •* >o «# N- h- •>- Is» in in <o M3 ■#<o «* <o >o •» »»<o «»• -o «a- 
MlltNnKnNMSnMoKlMIONSn«MilNKlKlSSnMOS 

>* •* m «a- m •# m ■*in >» in •* sy «» »» 

«* ** in ** in •* m ** m «<r m ** HJ ^ ■**• 

OOOOOOOOOOOOO»-*- 

OOOOOOOOOOOOOOO 

mmininininimninmminGncMft 

m m »? ^ m «sc m •*«• »* m in •«• in «*■ in 

in in «»•>» sn »3- in »»• sfm m »» m«»in 

•-0-0000000000000 

OOOO OOO«- w—w—v—v-*— OO 

rj •* »- sn in «n in S- in ^ m ^ N. in in 

CM CM CM <M IM (\i r\l (M (M (V rSI (M (M N. O 
COCOCOCOCOCOCOCOCOeQCOCOCON-T- 

f^MCMCMCMCMCMOinOincOCOCMCM 
s-^oeoeococo a >*■ • ^mincoco 

*-^^^'*?min*~«™fM*-'*>.K»3-%3-pyw*$,eo*oeo«öeO''*'«*'00 

f^cof>-CMtvoo,>.t^iM,^MMminoininT-»-eo»-cof>.N.inin 
CMCOM*>-f~>»»»N.,>.>»N.OO>nKl«»MrnN-l\IOCMO>0<OCO«)0 
m»»»n»-»-CVJIMCMIMtr-CM«-T-CMCM>OlMCMO»-0 00 0 00 0 

^■in**vj**^^^'*3'«3'*3-^s3-NS-^*5''»**4'^*Ä-inmminininin 

»—0«™,8~«™i»—w™«™^»s^-^-^w-'w™<?=^"»—9-0 00 00 OOOO 

O00000O»-»-O»-O00O0OO"-»-0^0 0000 

«d-F>.F>.NO?'lmmw-e07-IMtM«3'«3'0*4>*J-in%?«4,s»*«?CM<MN.K 

eo co o t>- «M o o ■>. N. (^ •>■ <o >o m in o in m h- f» co f> «o o o to co 
corOMCMNt^a-^N-KinK •  i KiMMCimSK-i-K.i-^>jinm 

oooooooooooooooooooooooooooooo 
cococococococococococococooocococococococococococoeococococo 
cocooocococococococococococococoeocoeoooeosocoeocoeoeoaacoK) 
_J_l_l_J_l_i_l_!_J_!_l_l_l_l_l_l_l_l_!_!_i_l_J_l_l_J_)_J_I_l 
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 

oo   oooooooooooooooooooooooooooooo 
oo oooooooooooooooooooooooooooooo 
oo oooooooooooooooooooooooooooooo 
rs.>>. l^h-in^inr^in^inr^inr^Kr^i^inini^r^in'>-inr>.Kinin,>-in,>-in 
MM nnMOM'IM'IM'IM'll'IMnNM'IMM'IM'll'iSMOSKIS 

oo oooooooooooooooooooooooooooooo 
oo   ooooooooooooommmmooooooooooooo 
CMCM NCMCMNNN(MI\1CMCMI>ICMIMCMNN<\ICMCMNCMCM(MIM<MCMCMCMIN!CM 
■    I itilitiiiaitiitiiitiioifiitiii 

oo oooooooooooooooooooooooooooooo 

■nin        tninintninininininininiv\inintnininininininininininininininin 
CMSM «M CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM JM CM CM (M CM CM CM 
as aaataaaaiaaiiaaaaaaaaiaaaaaiit 

mm        tninininininminininintnminininininmmintnm&ninminininin 
MM f"^"«*»-^»-f-«-^T-a—a—T-T"a—a—t—N«r»o-fl—a—a—v-a—«"NW»"*" 

oo   oooooooooooooooooooooooooooooo 
aaaaaa      aaaaaaaaaiaiaaaaa 

mm        vtininintntntnininininininininininininmininininminin&ninm 
v-CM Oo— ar-CMCMOO«-«r-CMC\Jw-CMOOOOOai— ar-CMCM'»— v-»-w— w—CMCM 

OO    OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
"■«9  . . «g 
OOCJ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOU 
oo< 000000000000000000000000000000< 
oos    oooooooooooooooooooooooooooooox 
mms    inmtnininininminintntnmminmmininminmmmmmtnmmtns 

aaaaaa      aaaaiaaaaaaaaaaaa 
N- O 

OO    OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOM 

OO    OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
oo oooooooooooooooooooooooooooooo 
oo oooooooooooooooooooooooooooooo 
*—«- it  •-•-«-«-<r-<-t-<r-*-tr-<-MMMMMMMMMMMinininininintnin u 

aeiaaaaaaaaaaaaieaeaaaaaaaaaai 

OO «J oooooooooooooooooooooooooooooo a 
oo« oooooooooooooooooooooooooooooo« ••o       o 
oon oooooooooooooooooooooooooooooo« 
ininJQ JQ 
fMCM 3 3 

a    a  Crt (/) 

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM 

oo a  oooooooooooooomomoooooomommmoo a 
1 a 

mm a      ininminininintninininenininoinoinininimntnotnooourMn a a «_«-,_ (-f.y. ! 
a i 

*»<0   a N-Oin«-tv.CMC0>3'O^CMmiv~>-ar-S-l^<4'O>0CM00<0a0lMCMCMC0C0>3' a 
*—CM a inS30CQf-ino3^)ON«-.ON^^SKS^)0<NOinin&(MO«M,00 a 
Om a (Mr^MCMC0ar-sOs0CM«-a^fM^.O«O w-N-«—«0>OCM^O*Oa^-^-N-M«*-h- a 
CMM a «—fMh-NfrcO«-int\ll^*4-COCMm          inin      N^)rt(Oa-*-.o^)a-«oroS I 
«*»»•»      MMMMMMrOMMMMMMtOMMMMMMMMMMMMMMMMM 
I^N-I^-    eocococoracoeooocococoKjcoeocacocoeococococooococoeocococococo 

188 

BzeeatccecccazetceaesxececccatacaeacotcceeacccBceeBtei 
ooooooooooooooooooooooooooo 
COCOCOCOCOCOCOC0COCOCOCO03COCOCOCOC0COC0COCOCOCOCO«0CO 

cocococoracoeocoeoeocococo«oeoeoeoeos3coeoeocoeo(oeoeö 
—i —i —i —i —i -J -J -J -i —> -i -i _i —i _i -i -J -J —i -J —i -J _i -J _J _i _i 
uuuuuuuuuuuuuuuuuuuuuuuuuuu 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOO 

MMMMMMMMMMMMMMMMMMMMr«.N.C^KS.f<-N. 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

oinooointnininoointnininoooininininooooo 
MCMMMMCMCMCMCMMMCMCMCMCMMMMaMCMCMaMMMMMM 
aaaaaaaaaiaaaaaalaaaaiaaaae 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

inminmmmmmminminmmmmtnminmmminminmm 
NNCMNCMCMCMNNCMNCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
aaaaaaaaaaaaaaaaaaaaaaaaaaa 

intnmmminmmmmmmmmmmmmmmmmmmmmm 
Oa-Oa-MMMa-a-T-»-(MCMI'lC10IMNNa-a-a-a-NNMM 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

minininininmmininintnminininmmmmmmmminmin 
»-«-«—•—»-»-•- CM CM CM CM CM CM CM CM CM CM CM •- »-»-•- a— CM CM CM CM 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 
 u 
OOOOOOOOOOOOOOOOOOOOOOOOOOOU 
OOOOOOOOOOOOOOOOOOOOOOOOOOO«« 
OOOOOOOOOOOOOOOOOOOOOOOOOOO^ 
MMMMMMMMMMMMMMMmmmmmmmmmmmmac 

t«. 
OOOOOOOOOOOOOOOOOOOOOOOOOOOCM 
OOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOO 
Mmtninmmminmmminmmmmmtninmmmmmmmm v 

■    aaaaeia*aiaaaaaaaaaaaiaaaa 

ooooooooooooooooooooooooooo a 
OOOOOOOOOOOOOOOOOOOOOOOOOOO« 
••••• ...o 

OOOOOOOOOOOOOOOOOOOOOOOOOOO« 
ininoooooooooooooooooininininininintnjQ 
iMNininmmminininininiAinininuMninSSSNNNNN 3 

MMM 

MMM 

mom 

MMMMMMMM 
MMMMMMMM 
oooinomom 

MMMMMMMMMMMMMMMMM 
MMMMMMMMMMMMMMMMM 
oinoninoininooininoinow ■ 

omommmoinomoinoinoomoommooinomo a 

MCMOO 
OMO 
»-N-in 
CM»-»- 

CO CO CO 

pjineoeOM'^fOKi 
S-C0OOCMCM1MCM 
«-»-«-«-MMMM 

COCOCOC0C0COCOC0 

»Ckinin<-nioNM>iKi'044ao a 
<o<oooMcococoinoococM(Minin a 
MM»*^»»-MMC0r>-CMCM(MOOOO  a 
nnKiionmmi-i-'O^'ONSiOM > 

cococococoeoeocoeoeocococococococo 



o— 
OU. 

•* 4-* 
o. i        ■ 
o> *< 

o< 
c <o- 
3 (_> —* 

CM «1 
o. « E 
OJ O— 

<<t- 

"O 
V »- u :* % E 

CJ~- 
t <t- 
a 

_■* ry  • 
m^ % u 
41 U Ü 
u << 
X 

<r—    • 
L. *t O 
*J u u 
a << 
X 

o 
3 (M 41 »- «*J u a 
L. <« 
O 

M- 

« 
U »- 4) < %-W 
X u a 
ae <« 
D> 
c «•- *•*> 
c —■ a 
a < i- 
QL a fc: < a. 
O Ö. 41 
u u en 
4-» u 
t- * 
o oc 
D. 
Cl u 
ec «. 

Of 

</>f\J 
Kl 41% 
-j T3 
UJ Or- 
w 1% 

X < 
CJ 1— 

r^f\jf\jr\Jc\jf\JfM>^(\ir*.ms/*tnu"trjror4>o*o 
ininmininmin'Oin^OinKiinKitninirtinK» 
KIKIKIKIKIKIKIKIKIKIKIK-KIN-KIKIKIKII'^ 

OOOOOOO*— w-w-OOOOOOOOO 

ooooooo^-ooooooooooo 

«-h-r^h*N>K-^Kt«— inin**in**N.f^f^inin 

00<0<0<0<0>0<OCOO<COOOeOCOOO<0'0'0«4->* 

inin^cot^^co*->»inco«-v*^-coco coining^•Na-^ooooinu-v^T^-Nj^-aDaDiniAininNtinv-Nt^eoootn 

N-N-<o>o<)>o^rjoouivtf\ico«3^»*v»iniricocoeocOvtvtinineocoeoco~*v»^^»-»-coirirjcoeo-y^in 

^inN»in^^»n^v*in^^u^in^^in>*in^^iniris*inN*Ln**N»'inirtv3-inN»^'ininN»vnN»ir»in**inN* 
**in^in^N*iAN^%*in^^inin^-v*u-»^in^^inir>%*ir»^-ir*v*Ntininvi-in^j'*^iAtn**in**irtinv*-iA^* 
ooooooooooooooooooooooooooooooooooooooooooooo 
00000000«-00=-*-00 0 0 00«-0«-00 00 0"-0«-00 0 «-»-«- «-*-0<-r-0000 

NNNNNNMNNNNNN 
3333333333333 
cocococooooooocooooocococo 
▼— T— *— *— V— r— w— T— T— •— T— r- »— 

oocococooocococoeococococo 

uouuuuuuoouoo 

N N N N N N N 
3 3X3333 
co co oo co co eo oo 

co co co co co cQ oo 

u u o o u u u 

H H N N N N 
3 3 3 3 3 3   3333333333333333333333333333333333^3* 
racoeoraooraoo»»racoMMcoraM«coMra»MraoorarorawcoMracowwra»«www«M«ra 

oococococococaooeocoeaeococococoeococoeacocococoeoeoeoeocoeococoeooocoeoeocoeooococoeooo 

ouuouuouoouuuuuuuoouuuoouuuu OTJ'O'O'O'U'O'ü'O'O'U'OIJ'O'O'U 

in»-»-«-. 

N-(M(M(\i(MIMN>»CMh>UMntn 
in in in in in in in <o in <o mm in 
KinnroioMMroKiMMSM 

»»•*•*»»«* »*i» «»»»«»«»in •* 

»»•*«*»*>»>»»»••»«*•»»»■ in »» 

OOOOOOOv-w-w-OOO 

ooooooo»-ooooo 

^^^^^^^^^^^*^^^«^^«^^^»^^^«'OW>" in »»»*•*•* co co in in «*«»«*«» oo co in in in in >» in »-»»»* » eo in 

UJ !S *2 ^2 *2 **** ÜJ £ !D £ M •*> ** -*i«in m m it K> <\I rj C\J rj m »*■ N- m in ro M «* 
coco^^^mmcoacoco^^mmeoeococo^^^^^ —ramNooeo^.Vin ini\ic\KM«o<or^ 

K>m in in in Kim 
r»KiKiKiKih~Ki 

ocoeoeocoeoh-i/wKih- 

KinMininrom»*(\j>»in 
K> n- Kl Kl S- Kl Kl S- Kl Kl 

in«»>»s»^in^in^in^s»in>*^in^v»inin^^in^in^«*inin«*in«»in-*»»inin»*in-*«*inin«*tn^-inin»*in>* 
in>»^»»^in^in^in«»«»in>*N»in^^inin^^in^in>#^inin^in-»in-»»»inin«»inv»sj-inin.*in>*inin»»in»» 
ooooooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooo>r-oo*-«-c>ooooo«-o«-ooooo«-o»-ooo»-»-»-»-«-o«-»-oooo 
>»t^^t^inin^vsoinooint^^M^o^in^>*oooOKi^^rJin«»oocOM'0»-riJin«*eosooo<Oeo<or'iorain«*ooco 

eovo-O'O^-OvOcoococooooa 
co<oo*o*o 
0-PJ-4-t\J(M -J-'O-OU-lMsf 

MOM). 
«tfcOKiKi 

KIC0KI 
tnrom CVJ>OCOOO>K)COKICM^COOO>tOOKOh-CMKI><'COOO.KIOO 

^O^Osi-o3Kiinfoin-OvOv3-oDKimvjTJ~»rjvOmvrvf coKiinKi 

sssssssssssssssssssssssssssssssssssssssssssssssslsllisilsillllll 
uuuuuuuuüüuuuuuuuuuuuuuuuuuuuüuuüuuSSDSuuiäuudriuüuuuüUüuuüuouuu^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

°°0.0.°0.°0.0.0.0.°0.0000°ooooooooc>ooooooc,00oooooooooooooooooooooooooooo 

■■■■•■■•■•   ■   •   ■   1   • •   I   I   I   I   I   ■   I   I   I   I   I   I   I   ,   , , I   I   1   I   I   I   I   I   I   I   I   I   I   I   1 

0.0.0.0.0.0.°0.0.^°0.0.0.°°0.0.0.0.0.°00000000000000°°oooooooooooooooooooooooooo 

???????000??????????????°°°°°°°°°°o°°o°o°ooooo^ 

SSS!2!2SK)IQiq"c5c5SS^^JQ^mm^"^ 
ooooooooooooaooooooooooooooooodoooooooooooooooo 

°°°°°0.°0000000000000000000000000000°o°c>oo<3oooooooooooooooooooooo lllllllllllllllllllllllll^ 
'   '      '  '   '  *  '  '   '  '   '  * I   I   •  I  I  I , 1  I  I  I  I  I  I  I   . 

°°°°°°°0.°0°00000000000000000000000000ooooooooooooooooooooooooooo 

iiiiiii88§S§8S§§8SS§8Sg§§§§^ 
  T77T . 77TT7777T'????'?,??f??,?'?,? 
ooo§gg§§ggggg§gg§gggg§ggggg§gg§gggggg§gg§gg§§gggggggg 
ssssSsssssssssssss°ssssssssggggggg^ 
iNiNCNiwrJrjNrürJNwrj.vicvir.jrjrjcvirjivirarjfvir.jcNjNrjinininininmSSSSSS 

KirOMMMIOrOKIKIMMmiOMtOMKIMMMKIMrOKItOMmMKimMMrOMMM 

nnnKinnnMMMMmnnnMnMMnKiKiKinMMMMMnnMMmnMMMMMKiMmMKinMMmMnMmMMKinm 
m2°22222^£m^"^°2°^^^^^^^^m22°2^o^00O00O^0^O0OO0^°^000^0in00i,,0if,00° 
Oinininininininoinooooinininooooooooointnininoinoininininininoinoininininino 

>-^ryc\4s»^roKi(\j     m    inrjfMKi»-<o^-^^->o — — -OKI— in — ^mmT-^-ulrj^rjc\jk^iMS.~»co^-^toco^co inlnrj^MSSJ^SKi 

O3COCOO3O0a3COO3O3O3COeOCOC3COeOCOe3O3COCOCOC0O3MeoeOO3O3C0ODCOracOCOO3COCOra 

189 



—' o << 
C< 
10. 
ou 
CAN < 

s* 
■a c 

—• on 
— > a 

e> si «- 
u— o 

JC a 
u «u 
< w 

ou. 

—• o << 
c< 
IS. ou 
WIM < 

m 
T3 C 

—> > a 
u~- a 

u a <w 

a— 
Ou- 

st *» 

O     %< 
*™ 

U< 
C      <0L 

-3 
r\i a 

O % E 
CM     U— 

<t- 

-o 
<U      «~ «I 
2     «E 
«     <t- 

-<      CM   • 
-»     % U 
«I      UU 

% u 
u u 

CM U 

u a 

u v- V < -•**• 
a: u a 
s <S£ 

B» 
c 

r^- *J*J 
c —> a 
a < c 
a a 
E «so. 
o a.«) 
U UM 

*J> CJ 
K_ «, 
o oc 
a. 
01 u re «. 

K 

C/>CM 
Cl *mk 
_i •a 
ui Or 
ty> X5* 

u^^-*v»vico<a^rorjrviroh-^^-o-jovtc\jrvj~ä'ro-j-tvj-*c\i(\j-*-^i^-»-»-r--co^.-^^-^^^-T-^^r-»-,,—t»-.^«-f*-rs.|s.fs..-,-STVj.„_„_, 

tncoaseoeOvj-vxrOKIKlKl 
cMststcMcvstcMmcMst**- 
ls*-m?Ors.rs.K>*s.»YT.fs.MBy>, 

inststinmstmstmsts* 

inststmrnvtinstmst** 

ooooooooooo 

o»-o»—ooo»-ooo 

iV)sO<-t-tnsteOCMinCMm 

m>o\Ostcoeiininco*-co 

cost CM CM 
fMsj-iam 
t-flfOts- 

minin 
CO CO CO 
Mst>- 
toh-ir*. 

moo 
cororo 
CM-4-CM 
h-tOls. 

mom 
00*0 CO 
CM St St 

oino 
KICOrO 
CM CM CM 
N.N-C»- 

OtAlAM 
K» COCOAS- 
CM vT CM NJ- 

inst stin 

oooo 
00<r-o- 

CMst 

cocMinin 
«—Ost va- 

sts* in 

ststin 

ooo 

ooo 

st-ost 

CMMCM 

ins* in 

ooo 

o»-»- 

41 CM IM 

IOCMCM 
«-sf St 

instst 

in**** 

ooo 
ooo 
NOCM«O 

CO COM 

in in in 

in in in 

ooo 

ooo 

(MsOCM 

in**inst 

instinst 

oooo 

o«-«-o 

in so CM sf 

ea ro co <o CM to o 
-cosostfo 

N-f*-KltOOCMCMCMCMOC\JCMCMOCMCMCMOCMCMCM>-»-»-«—CMCMOOCMCMCMO 
CMCM~r~I>00000^000-00000000000000<0-OOC30>0 
m[OstCMMsfCMsts*»-ststC\l>OststCMMststWsf<MstCMsfCMIO»-ststCMIO 

stmstms*stmsts*msfstmstststinstststins*instu\stinstinststinst 

stmstmststinststinststinstststinstststinstinstinstinstinststinst 

ooooooooooooooooooooooooooooooooo 

«—w-OOO^-OO OOOO OOOO OOOO 0»-w-w-w-vw-0 0 oooo 

oin*tco>o**inin***Oin**in*OtnNtm*OLn*4-tnoc>^-'^-c>Ov-v-m*«rsnv- 

*70*c>hnocor*-r^cMot*-cMh-or>-cM^o^cM^r>-r*-inmcocococ>N!cMr*-co 
stcMromh*.sOststc>»s,stovsfN.stc>strs,stc>stmmmmCNJCMrs.c>stOvstrs> 

HUH 
2 2 2 
co co co 
co co co 
u u o 

NNNNNNNN 
2232X232 

CO CO CO CO CO CO CO CO 

CO CO 00 00 CO CO CO CO 

UCJOUUUUU 

m s* St St s* CO CO «- CM CM CM 

«»in in 
in co co 
CMstst 
fs-rOlO 

m in (o m *«-O» o> o 
COCOststCMIOCOfO 
CMCMstcMUICMstst 

I\IN»-»-0'»0*tNN>IC\lvJC\l*S'N<>J-t*»N'-r-,s.O>f»-«-«-»-vfr-T-T-«Jr"^»-«J«-»-»-SI*.SS«-»-\t<»»-i-s-\} 
O ft ts. N. m in in in o o m o in o» in o> o m m »o cs. fs- ro to o CM CM CM CM O CM CM CM o CM CM CM O CM CM CM «-^»-«-cMCMOo'cMCMrjo 

S!?!P!5^r^^^rJ^^P,NNN^N^"M^NM«tN>»sJ^vfvtNIO«Ivtf\lK>st*fN«fN«>NNtNmJ:53NM 

msts* 

in«»*» 

ooo 

o»-o 

POCMvO 
tnvoso 

ininstm 

inmstm 

oooo 

»-ooo 

•-in«* so 

cooom 
stcofoin 

stmstst 

stmstst 

oooo 
«—ooo 
CM in CM in 

msOCOsO 
meo«-co 

inststmststmmstmmststminmmstmststmstmststmststinstsf mstststinstststmstinst mstinstm 

in st st in «sf •» m m ■* in in «y »» m m in in «» m ■>? «»in «»in •» >» m -» »» m •» -* m »* •* «s- in*«-v3-^tnsf m**m-*tnv3-in»s--innvS' 

ooooooooooooooooooooooooooooooooooooooooooooooooooooo 
OO^—«-0000<i-«—000000 0«—<r-0<r-»-00 0«—OOOOOOOOOO OOOO 0<r-»-»-«—«-•—OOOOOO 
CM «»<r-«-^ »o >» NO CM CM >o N «o CM «o CM in ^o CM •* o in N» co «o «* in in »? %o in •* in vo in •«» in ^ 
«NininCMMCMMCMCMMCOMCOMCO»OCMCOC>%»ONO>MOCO^h-CMO^CMh.Oh.N 
«r-ONNS-^t«.»-!«.«—*«»^^^^^r»vO«»M«»CMMin^>0»*v*C*N.«»C*«*h-»*C>**K.^ 1     e e • » • «     I i ill I     I c I I I i i     g I     I     •     I I i 

2SS2°SS0SSSHHSS2eo2SSS0°oooooooooooooooooooooooooooooooooooooooo 
™2*222S2222™S22S--222 MroMWWroMrowrararawöcorococooococococococococoeocococowcora 
«o»coeoco»»„wra„„„^raraMWWWWroMWWWMra5w25cöco 
UOOCJCJCJUUCJOOOÜUUOUUOUOUCJOUCJOOCJOoGnuuSG 

°°°°°°°°°°°°°°°°°°0°°0000000000000000000000000 
S22S22S2222222SS222SSS2S20°°°°°°°ooooo'ooooooooo^ OppOOpOOOppOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOoSSSS 

S?.P.P.P.S2229ooowwoooooomoo°o«^««ooooooooin«inoo'oindodifl00ooo 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMMMKIMCMMCMCMWCMNCMCMCMCMMMCMCMN 
 • * ••»•   i   •   i   i    i    i   i   i    i   •   i   i    i   i   i   i i    i   i    i   g   t   i    i   i   i   i   i   i   i   i    i 

^SS!S^^SSlfl!f!^!n^!r!^^^!0^^^m^m^^^^lnlnin^»öirIiyiin« 
CM CM CM CM CM CM N CM CM N CM CM CM CM CM CM CM CM CM CM CM CM CM M CM CM CM CM CM CM CM CM N CM CM CM CM CM CM CM CM 
 • ■ • • • ■ • • • • • ■ • • • • ■ • • I I 1 1 I I I I I I I I I g I I 1 I ! 1 I , , , , , , , , , , 

!2SÄ!0SSS^l£JS!n^^^^m^^"^^^m^^m^^mm^^^^in^>"'"'ninininininin 
rCMCMCMNSOM^^CMCMCMCM^r^^rrCMCMCVJMlVJMMMM 

ooooooooooo oooooooooooooooooooo'ooodooooo 
*       ' •  •  I  I  I • '  '  '  '  ■  • •  I  •  •  I  •  •  I •  I  I  I  I  • I  I  «  I  I I  1  g  g i g  g  g  i  ,  i 

IMIMCMCMMCMCM«-^rr^CM^^^^T-»-»-r^^r^^r^N 

ooooooooooo oooo ooooooooo'oo"oooooooc>ooooo oooo doooooo'oo'oooooodooooo 

°°°°°.°0.°°°°°°°°°°°°°°°°°°°°0.0.°°° 
222 22222 22 2 ooo ooooooooo oooo ooooddddddddddddddddddd doddödddöddcidry 222222222222OO000o0o00o000oo°0O°O00O00O00OO000OOOO000 
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooSS 
«ininirtinininOTMMMMMininminininininmiinini^inininininininSSS 

'B,,0,,,c,l'',B,,,,B,B,,,,,tl»»*lllgg|lll»g|llligfliggillll  

ooooooooooooooooooooo 
222 2 Ü22 2222 OC3Cioooooc>oc>C30oooooooodddddddddddddddddddddddddddddddd 
2222222222°0000000000000000°oo°ooooooooooooooooooooooooo 
2252222OOOOOOOOOOOOOOOOOC'00ooooooooooooooooooooooooooooooooooooo 
MMMMrOr^Mininminintfiininininininintninintnininini^^ 

B    B    *    •    •    •    •    •    •    i     I    i    •    i    »    1    •    I    1    I    i    i    •    i    I    ■ g I    I    I    I    g    «    i    g    g    i    ■    i    g    g g 

2222222222222222222222222222000000°oooooooooooooooaooooooooooooo oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
222222222°°°°°°oooooooooooooooododdddddddddddddddddddddddddddddd 
in in iTi in in in in i^ in m in m in in iri in in in «in in in in in iTi in i^ vi in in in irt « 

«* *»*s- «*«s-«a-«»«a- «* «* *»*»«*«* s^ «s-sr vj- ««■ *» «» sf «»•*»«■ .* »»«»«» «a- -» «y-*«*«*«*«*^*»-»^«»«»«»«»*»«»^^^^«»«*^«»^^«»»*»,^.^.»,^ 
VJ- N» «» S» «S- -*>»»* ««• N» %»>»«»«»Nl- «ff S» «»«»«*>* NJ- St SJ- NT St<»>»vt>»^<»vf>tvt>t*t>J>»>»>»*fvtvr<Jvtvt>»vt>S-vJ*fvJvt*fvfNtsfvfvtsf«f>Ivf 

Mto»v^K1^^K^^^MKl^orOMrOlVl^^lv^^r^MMMMmMrnMroMM 

22"°"2^"^2°^"ow°"0°"om°mo«00°"«ooooooinooinoooinoooinoininu>inininoooinoo' 

ininoinoininooinoiniriooinoinoininoinoinoinoinini^ooinin 

t>SSP{P{cM5SCr55I^"^,222SSS2KSS^^InKXS^'^ 
^rnnrarai0O^-0^^10M^-0^^-0'0^<0-0'-^'<l'0>0-0mNKlMSnN>-^uir-^inr-^ui(vi|\|rJNvtvf3S     in     in CM so CM io CM CM VOM 

st sr sr sr sf sf st sr st sr sr st vr sr sf sr sf sr sr st sr sr sf sr sf sr sf sf sf sf sr v* sr sr st sf s» sf ST sf 
cocococococococoracococococococooocococooacococora 

190 



» «— _1 

o «*< 
u« 

c <a- 
3 u -« 

CM 41 
O % E 
CM CJ~- 

<t- 

-a 
<i •- O 
3 % £ 

CJ— • <t- 

a ~^ CM  ■ 
mm» % o « u u 
u << 
X *-   • 
L. «E U 
4-* u o 
a << 
X 

O 
3 CM « 

t— «**• 
u a 

l_ <oe 
o 

H- 

M 
U <r- &» < **« 
X u a 
=c <OC 

o> 
c 

4-»4J 
c. — a a < c 
Q. a 
E <a 
o a. u 
o CJCO 

** u 
l_ « 
o a: 
a 
V u 
Of 

a: 
v> rj 

ro u% 
_j •o 
UJ o«- 
(A X« 

^^.^.™°°^™^^^^^^»^»^»^™"«*<i'<>wpoui.o<i>o>ONNsf^<)N incocor«.eo«»minininin 
OOIM 
«O«00 
•-Kl«» 
t«-IOfO 

INI (Mm 
OOtO 
«»CM«» 
to I«-to 

Omm*— 
IOCOCO«» 
C\ltO«-tO 
t«-tor«, to 

m«»«» 

m«»«» 

ooo 

ooo 

«-«Om 

or«.«» 

«»in«» 

ooo 

ooo 

«*mco 

CMt-N-L 
o«*»-c 

m«»m«» 

m*»m«» 

oooo 

»-ooo 

•»NNO 

«—•-»— r\jrocMe\JOt\JK)FOC\irjf\jrjc\jrj<\i«o«o«Otn«»«»«»«»«o«oin 
•j>j'foooO'OOsj'jNsssssNiniAiAsf«-r-T-r-ininsj 
Kl<-'—tfNN*C^N^Na)eO[0«3»IOCO(>.NO.OO>0'NK-t>'NO> 
tor«-i«-tor«.fOK>r«.h-toi^rorotorotorotoror«-rorototor«-r«-ror«-to 

«*mm«»in«»«»mm«»m«»«»«»«»«»«»«i-«*m«»«»«»«»mi/>,«»tn«» 

«»inm«»m«»«»mm«»in«»«»«T«»«»«»«»«»m«»«»«»«»vnm«»t/«.«» 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

000»-«-<r-T-00»-»-OOOOOOOOOOOT-0«-0000 

inoino>a>^m<->fca(OSNNNNNh—»co«»co«o»-CMin«»coco 

-m»-ineoeooo>ooK(MrjN.s.h.r^s.r>.r^ovKio>oDrJ>ö«jooNfoK) 
-0*-OCMCM«OtOOin»-.—«0«0«0«0«0«0«0rOl/MOrO«0«0«»C0tOU-llO 
1   '   '   •  II 

fOtON.r«-rOf«-tOrOlO»0 

«»«»mm«»m«»«»«»«» 

«»«*irtm«»in«»«»«»«» 

oooooooooo 

*-0«-0000«r-00 

«O»-cMm«»c0co«O»-«» 

cM«ocoooto-ocM«oo 
«o«o«»cotoinio«0'OfO 

NNNNNNNNN 
33X223X3322 
cocococococococooococo 

eooocococacocooocoooco 

OOOOOOOOOOO 

«*»»»-«— *- «» t\J O O «O «0 

oocMCMCMinoininN-h- 
«o«oooocorooocotoio 
«-to «»«»CM «»CM to»-MM 

in «»«»«» in «»m «» in «» «* 

in «»«»«»in «»in «»in«»«» 

OOOOOOOOOOO 

oooooo«-oooo 

»-«om«»inco«*CMCMino 

N-totototoocooocococo 
(«-«»«»«»«»vO»-»-»-»-»- 
«o«»«»«»CMtococococoeo 
IOfOIOfOt«-fOr«-l«-t«.f«,r«. 

«»«*«»«»in«»minininin 

•-oooooooooo 

ooooooooooo 

m«»«»«»oo«Oinoinoin 

COtOIOtOint«-«0«Q«0«0«0 

NNNNNNNNNNN 
33333333333 

COCQOOCOCOCOCOCQCOCOCO •—»-»-»—»-»-»-»-*-,— ,— 
cococococoeocococococo 

ooooooooooo 

**• •*• *~ *~ *~ »-«»»- f- to o o o o o o o CM CM CM m «o «o «o *o CM CM m >o «o «o «o CM CM«»«o «o CM 

f«. N- CM CM «\J «\J O rj K> tO (M C\J f\l CM (M CM CM «o «o «o m «»«»«» v* «o «o in v»«*«»«* sO «Ö t> «* •* «o 
iOMOOOO<oo»»^r»r^r^r^r^r«.r-mmm.»^^Xuw^2^XX£:i5i5i 
CC^£^äär!^äCJHSSöwra«0>^<>^,>^^^<>,^o>o>c>r^N.c>Kc>c>c>.c> 

m in «» in «»«» m m «» m «»«»«» «» «»«»«» «» m «»«»«» «» m m «» m «» ^t«» m m »» m «*«*«» «* 

oooooooooooooooooooooooooooooooooooooo 

00»-»-«-«-0 0«-»-00 OOOO OOOO Q.-OO-OOOOT-O'.-OOOOI-OO 

in o o> o »»in »-•* co co r^ s. K. r^ N-N. N--* to ■* oo-o •-CM in •* oo co >o »-CM in ■* oo eo <o »-»» 
OsOSNKKin****«*0> rococo 

T-OCMCM 
COvOO-h- 
>OMOm 

rgrJfiri'if;f;r^N"0s'ot>'oorv,,0000t>>McocM>ocoooM<ocM<oo 
«-«->0'0>0^>0>0>0(OinMM'0-0«*COfOinM>0<0>S-eOMin(<TO>OK> 

«Is§ss|§sssgssggggsgg§g§sggIIIIIIII 
oouoooooouuuuououuuooüddGücJärftJriiJdd^ 

°°°°°°°°°°°°°°o°°oo<=ooooooooooooooooooooooooooooo 
S2S2222000000000000OOOOo'ÖooÖoooo'o'oo'o'o'oÖÖoo'oOHnnnn SPPP0P0P0PP00P0000°ooooooooooo5oooooooooooS5SS§SS bTir^^Kmr^inc^int^r^ininr^inr^r^ininr^in^h-tvr«.r^t^KKtnKKKKSSKS5SSSSSSSPSP 

O.°°°°°°°°°°°o°°oc>oo<=>ooooooooooooooooooo oooooooooo 

*,,,',,,,i»»»*lt»l»»ll»tll»ll»lll(9 

°°°°°°°°°°°000000000000000000000°oc>oooooooooooooo 

K!!GSSS!2!nSi2!C^!G^S^^^10^.^SS^^m^^m^^^^'«inin«ninininininininintnininininin NCMrOMM^T-^r-rJCMCMCM^^CMCMCMCMrOtOCMfOrOCM 

?????????????°???°°?°°oo'0"0'0"o°oo*o"oo"oooo'oooo"doooooo" 

oooooooooooooooooooooooooooooooo'ooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooooo 

iiiiiiiiiiiiiiisgssggggggsgggggggggggg 

°°°°°°0.0.°°0.°0.°°0.0.0.0,0.°°0.°°0.°°.°°oo 
S22 2222 22 ° ° OOOO O OOOOO OOOOOOOOOO OO ÖÖoddd oo doon'rinnn"" 

ggggggggSgogoSoooooogo^^ 

I^^N.I^r^^h-^r^r«.r-r^t^^^f^^^r-N.^cMCMCMCMCMCMCMininininininKSSSSSSS 
■   '   »   '   *   ■   i   i   »   i   i   i   i   i   i   i   i   i   i   i w 

«* ^» ^ ^ «»«» v» v, ^ Sf »*«» ^ ^J- ^ ^ *» V? VJ- ST «* St -*-» Sf V» ^- S>- •* S»- ^ Sf .» ^ v» ^- ^ ^ sj- ^- ^ v» -* ^- ^- ^- „«»^ », 

stsj-sf»»s»v»s,sr^stvrNr^vrsrsr^^srsrvt^>TNtstsf<ts»stsf<fsrstvf^vrsjv»sr 

inininoinoinooinoinoooinoinoooininininininininininininoinoininininoinoininininoin ! 

00 O0 00 CO OO CO OO OO CO CO CO 00 CO 03 CO CO CO CO CO O0 CO CO 00 00 CO CO CO CO CO CO 00 CO CO CO CO 00 CO CO CO 00 CO CO CO CO CO CO CO 00 CO CO 

191 

ooooooooooo 
ooooooooooo 
ooooooooooo 
NSNSinMnmininm 

ooooooooooo 
ooininmooinomo 
mMCMCM CMMK>CM CICMM 

•   •   »   i    i   i   i   i   i   i   a 

ooooooooooo 
intnmtnminminininin 
CM CM CM CM CM CM CM <M CM CM CM 
i   i   «•   i   i   t   i   i   i   i 

min in m in m m in in mm 
O «- CM CM CM M «- CM CM M |V> 

OOOOOOOOOOO 
I t • • i t   i » i a 

mmmmmmmmmmm 
ri-i-NNi-OOOOO 
  i i i • i 
OOOOOOOOOOO 

OOOOOOOOOOO 

OOOOOOOOOOOu 
ooooooooooo< 
ooooooooooox 
inininininiA<-<-<-<-<-z 

ooooooooooo»- 

ooooooooooo 
ooooooooooo 
ooooooooooo 
m KIM in in Klin in in in in M 

oooo 
oooo 
oooo 
inooo 
CMmmm 

ooooo 
ooooo 
ooooo 
o in in in in 

sl-vf»»«* 

oo a 
oo « 

o 
OO«J 
inmü 

CO 

St«»«» 

Stsr-yf 

mooooommmmm a 

omininininoooc 

stvtSmr- 
CM sH«. CO CM 
•-•-CMCM CO 
CM CM CM to r«- 

«tst«»«»st 

co co co co oo 

OT-«» HI 
tot«. 00 CO 
CM«»«»«» 

«»«»«»«» 
00 00 00 CO 

OM a 
h-«0 a 
OO a 
«»«» a 

«»«»«» 
CO 00 CO 



r-*-»J= 
—• O << 
c< 
is. > ocj 

10 CM < 
a:*r- 

•—u *>» 
»oa: ~» 
T3 C —<  ft) «-» 

_ > (0 
«eiL 
o — a 

-c a. 
U 41 <(/> 

a si 
+J—* 
to— 
a«- 

—• o << 
c< 
so. 
OCJ 

»N < 
0£<r- 

M 

M 
■o C _•&>«-< 

-• > a 
41 ftl •_ 
«j— a 

-CQ. 
u «» 

co— 
ou- 

» <—■ 
o* -»*< «— 

o< 
C <a. 
3        u 

(M «I 
O* •* E 
CM    o— 

«£i- 

01     »-41 
3     -J* E 

CJ— 
•       «£t- 

0) 
-> CM   • 
— -»• O 
01 «JO 
U << 

I.     % u 
•w    cj o 
(0     <«u£ 

oo 

oo 
oo 
f-r*. 
MM 

OO 

oo 

oo 

oo 

o*o* 

o u 

oo 

oo 
MM 

8     I 

mu-i 
CM CM 

in in 
oo 

s- %f oou 
u a oo< <« OOX 

o 
*t- 

MM2 
B     1 

CM 
©s OO 
u •>- « •*: %-w OO 
x u a oo 
z <« oo 

mm a 
en 
c _* 
I» ^t ^ oo a 

—• CO 004-> 
a <«- • • o 
u. a OO *w 
E < Q. XI 
O a. at 3 

h-N,r*-fv.i--r*-s!r^ 
M«QvQooi-T-r»co 

MMMMMM«OM 

««f**»-»»***tf«»***4- 

»■"OO v—w—«—o *— 

oooooooo 

»*«»«*«3-eo«3-ory 

weocoin«—-tfMO 
<0*0*0-4'CMeaCM''-' 

0*0*0*0*0*0*0*0* 

oooooooo 

oooooooo 

oo oooooooo 
oo oooooooo 
r-t*- f*.(*.f-r-.|*-r-.inr-. 
MM MMMMMMI--M 

oooooooo 

uimininoooo 
CMCMCMCMMMCMCM 

oooooooo 

ininininimninin 
«MCMCMCMCMCMCMCM 

inininininiAinin 
OrNOOOcN 

oooooooo 

ininintnintninm 
oooooooo 

oooooooo 

MMinlM*0 

CO-*-OMM 
.* r--1*. r*-co 
MMMMCM 

»»-**»**TM 

OT-T-OO 

oo*—o«- 

(Otom*jo 

•*[*-«-C0"- 
incMtn*oco 

N N N N N 
X 2 3 3 X 
0*0*0*0*0* 

0*0*0*0*0* 

o o u o u 

MMi*>r*i*o 

int*-co*o«- 
COCOOMM 
•4-r-coK.co 
MMMMCM 

**S"**3,***'**t**t 

■*?»a-«»«*rM 

0**-*r-00 

0000<r~ 

MinM-tfo 

**MMCO»- 
ino*i*-*oeo 

t- t- LLL,fot.t.LL C l_ C t_ L. 
oo   oooooooo   ooooo 
o*o*   0*0*0*0*0*0*0*0*    0*0*0*0*0* 

ooooooo 

ooooooo 
ooooooo 
ooooooo 

o 
09 

oo 
o< 
ox 
ins 

oooooooo 

oooooooo 
oooooooo 
oooooooo 
M in in in in in in in u 

oooooooo ca 
oooooooo*-* 
........ o 

OOOOOOOOIV 
inoomininininXl 
CM in in CM CM CM CM CM 3 

• e i i a to 

11 o MMM MMM 

a: MMM MMM 

ION oin 8 
M «i-tfc «—        1 
—J ■o 1 

Ul O-J- mo ■ ooo 
to x-s* *T-     1 

a. 1 

-j e— CMCM • *0*— M 
_j ■-■ l*-r*- < Oin«— 

LU CMCM • N-inr*- 
a: OS MM ■ *r- v— 
«r _l 
oc CD MMM ^S»*J 
o r— 
o 00 o*o*o* o*o*o* 

MMMMMM 

MMMMMM 

ooinoo t 

0*0*0*0*0* 

ooooo 

ooooo 

ooooo 
ooooo 
h-t-r-»■-•*- 
MMMMM 

ooooo 

nooi/iin 
CM CM CM CM CM 
•   i   •   i   i 

ooooo 

mmmmm 
CM CM CM CM CM 
«ISIS 

mmmmm 
t-wnoN 

mmmmm 
*r—OO**—O 

ooooo 

ooooo 
 a 
oooooo 
ooooo< 
ooooox 
MmmmMS 

i • 

m 
ooooo 

ooooo 
ooooo 
ooooo 
minifti-in ee 

ooooo a 
OOOOO-M 
..... o 
OOOOO-M 
mmmooX) 
IMNNinO 3 

I  I  I <r— (/) 

•*4- **t ** ^» **r ** 

•4- •* •*»»••* «» 

MMMMMM 

MMMMMM 

mmooo• 

uimomin i      ootnintn ■ 

o*ooo>* • 
v— w- *r- r*- si-   • 
~»«»**M<0   1 
•-»-•-in*- i 

*7***I*»*J*J 

0*0*0*0*0*0* 

M-*t*omco i 
IM**0&M   8 
in*ocooS i 
M"-"-«M*—  i 

*J*T*J*X*J*f 

0*0*0*0*0* o* 

»—M M M M in in in r\j o* *o *0 CM in 

Lnoooo*Ni*.**.r-rdO**fr- c*i 
n*j***j*j*o*o*OKiNto*-Ki *-r 
r*i Is*- r*- in in r*- in in co to r^o* oo r*- 
MMMr*-l*-Mt*-l*-MMtOMM M 

***-f^inin**-inininin^*in** 

s-tM*-fininsj'inin*-f***-T>-t/'*^ 
0<-»-»-*-»-r-^.-^^^^ 

OOOOOOOOOOT-OO 

*-toajioO'-Motn*ooi>*t 

T-**.SM*.iM«-NO*r>io*->- 
• iMiMf*J(MMmM*0 i 0*U1M 

MNNNNNNNMNMNN 
3S233332S322X 
0*0*0*0*0*0*0*0*0*0*0*0*0* 

0*0*0*0*0*0*0*0*0*0*0*0*0* 

ouoooouoooooo 

ooooooooooooo 

ooooooooooooo 
ooooooooooooo 
N> I**-1**- m in »***. m m h-1*** N-1**-1**» 
MMMS.N.Mt*-f*-MMMMM 

OOOOOOOOOOOOO 

mommooooomtnoo 
f*j P*J I*J CM «*J r*i CM rg IM CM CM M M 
I    ■    i    I    I    I    I    I    e    I    I    •    I 

ooooooooooooo 

min in m mm in in mm in in in 
CM CM CM IM IM CM CM CM CM IM CM CM CM 
• i I I i I I I I I I I t 

mmmmmmmmmmmmm 
C*je-o-*-CMMMMOOOOO 

OOOOOOOOOOOOO 

mmmmmmmmmmmmm 
OOOOOOOOtr-tr-v—<r-<r- 

ooooooOOOOOOO 
• fiiiiiiieiai 

OOOOOOOOOOOOO 

OOOOOOOOOOOOOCJ 
ooooooooooooo«: 
ooooooooooooox 
MMmmtnmmmmmmmmz 
iiiiiieieiii 

M 
ooooooooooooo*?- 

ooooooooooooo 
ooooooooooooo 
ooooooooooooo 
mmmmmmmmmmmmm II 

ooooooooooooo a 
00000000000004-1 
• o 
OOOOOOOOOOOOO*-1 

otntnmmmmmmminmm-Q 
m CM CM CM CM CM CM CM CM CM CM CM CM 3 
***»t»l«lil!tO 

^s-t,*-f**T*-f*>*,%**-**tf->*-*4-%i-^^- 

mmtnininmomooinom i 

ooooooinommotno i 

oo*iO'-r*|*o*t*j**min*o*o • 
■*Toh-*OMof>o*oinin*t** i 
N*in**MmC0*O*OCMtMCMCMCM  I 
*r-»-^inm»-mmMMMMM i 

0*0* 0*0*0*0* 0*0*0*0* 0*0*0*0* 

m O* O* O* f*-1^*0*0*0 CM tM CM 0*<*?ON-0**0**te0 

CM *ncoooininN>r*»N-coo*«--CMmcoo**f **™o**t 
••*■ 0*0*OCMCMw— ^-*r-*0 O* 60 w~ *0 O r*-CM CO CO O 
r*- m^cM^cMmmm^cMM-^CMMM^orcMCM 
M MMS-Mr**.MMMMr*-MMi'**>MMMMr*-N. 

O 

o 
CM 

CM 

O 

r*. 
M 

o 

o 

CM 

o 

o 
• CO 

00 
o< 
ox 

o 
o 

O IS 
04-> 

• o 
o*-> 
m Xi 
I-- 3 

■ to 

~»** 
MM 

MM 

O  I 

an 1 

CM CM 

•*»»* m «» m ««•**•*•* %n «*•*? m •* **» •** **t m m 

'*t*fin*d'iA*t*it*t^in<*t*^u>*f*t*^'*tintn 

v~*r—*r*-*j—^-•7-v"*j—sr—*T-'^<?™t7—tj=-T"*—»r-ti—«™ 

OOOOOOOOOOOOOOOOOOO 

*3NS0*CM>OMKoe0i-e0OMt>*00>*J 

OOOMK|.-NlAC>N«SiflN0>*ti-«-<- 
*otnino*o>»- « C0***O*~CM0*0*0CM**N-N 

MMMMMMMMMMMMMMMMMMM 
*r-»j— *r— *r"»i— *r-*^-*r-»»^9™v— ^w— tr—«^>*r~*}_ «— ^ 

MMMMMMMMMMMMMMMMMMM 

uoouooooououuuo O"OTJTJ 

OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 
Ncoconcocotgeani 3CON>SNCOIM 
K *o ** *o ** <o <o <o h*- ** *o r*» «*r *o f*- *o r*- «» m 
MMr*-MN-MMMMf*-MMN,MMMMr*-t*. 

OOOOOOOOOOOOOOOOOOO 

oooooooooooomoooomm 
CM CM CM CM CM CM CM CM CM CM CM CM CM (M CM CM CM CM CM 

OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

mmmmmmmmmmmmmmmmmmm 
CMM MM MCMMM MMMMMMMM MMM 

OOOOOOOOOOOOOOOOOOO 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 a a 1 1 1 

OOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOO 

o*co 

CO CM 
*OM 

MM 

*»*s- 

00 

o>«- 

N-in 
• 03 

N N 
3 2 
MM 

MM 

O U 

»SO 

CO CM 
•OM 

MM 

**t**J 

■**•>* 

OO 

*Os- 

om 
•ooo 

IT 
MM 

MM 

o o 

00 .    . 
00 
00 CM 
*or- 
MM 

00 
<MCM 

OO 

OO 

mm 
(MM 

00 
oo 

OOOOOOOOOOOOOOOOOOO 00 
.••»•■a».......o.«aCA »•» 
ooooooooooooooooooou 000 
ooooooooooooooooooo< oo«< 
ooooooooooooooooooox oox 
mmmmmmmmmmmmmmmmmmms mms 

OOOOOOOOOOOOOOOOOOO»-  00 

OOOOOOOOOOOOOOOOOOO 
OOOOOOO oooooo 
**r**t**r ****'***-*'    <*-r^**t**f **t**t 

OOOOOOOOOOOOOOOOOOO CD 
OOOOOOOOOOOOOOOOOOO«-* 
 o 
OOOO OOOOOOOO OOOOOOO *v 
oooooooooommmmmmmmmxt 
mmmmmmmmmmKKr->N.Nr*-N.Nr*> 3 

MMMMMMMMMMMMMMMMMMMM 

MMMMMMMMMMMMMMMMMMMM 

ooooooomoooomoooomoi 

CM 

oo a 
OO-M 

• • o 
OOf 
OOX) 
mm 3 

en 

*4">»**f 

MMM 

MMM 

OO ■ 

ininminininmomminLnoinintninom i mm t 

Mr*i*o*ooi**->coooocMv-M*omis*-f*>>o*cM*-r i •—^ i 
M *-r co *o *r-M •— «— o*o*tT-N*OK)*-coinr*j • *o**- a 
in*0inO*O*CMMMr*ICM*O*0in0*0*MCMCMCM  • m*0  I 
»-    CM    CM *-CM    «—CM    «—    *-r*iro • «— * 

>-T^ ****f **$■ *-t s-?"*st -4*'s»"*-t N3- %y NJ%J** %J>*N*%* **J**T>T 

MMMMMMMMMMMMMMMMMMMM MMM 

192 



O tJ 

ioc\j < 
OC>— 

-OZ «» 
■o c 

—» o «J 
— > a 
IIIIL 
CJ— <D 

.c a 
u e> 
< CO 

CO— 

—• o << 
c«< 
in 
oo 

< 

*oac 
Kl 

-a c 

— > a 
V Of C 
cj— a 

.c a. 
o u 
<co 

«» V 
O «--• 
t> «ft< 
«-■ 

CJ< 
c    «to. 
3 U 

(M «I 
t>   «s* e 
CM       U<— 

■o 
«I    •— «J 
3     % E 

o— "    <>- 

—'      CM    • 
—      5t* O 
«i    a o 

«J    << 

u % u 
«-• u o 
«J <«* 
X 

o 
»     <\l «J 

cj a 

o 

M 
O «- « < «*« 
x u a 

o> 
c 
«- «*J 
b — a 
a < c 
Q. a 
B < o. 
o a. v 
(J un 

<-> cj 

o-o 

COM 
«-M 
inin 
MM 

«»«» 
«»«» 

oo 

«-M 

roo 
«»CO 

2 X 
MM 

MM 

U U 

OO 

OO 
CON 
•or». 
MM 

OO 
[\JC\1 

OO 

OO 

mm 
cvirvj 

oo 
oo 

oo 
• • si 

oou 
oo< 
oox 
inmae 

CM 
oo 

oo 

oo a 
OO*J 

• • o 
OO 4J 
oox) 
mm 3 

c/> 

«»«»«C 

CO CM mm ■ 
M cu-tt 
.J ■o i 

LU O.- oo ■ 
CO X« «—*-~  ■ 
Q. 1 

.J f- «-M  • 
-J «4 «OM  • 

111 mm • 
X a: «— i < .j 

DC CO «»«»«* 
o V- 
o to MMM 

oooooooooo 
oooooooooo 
eococMcocMeocMcocMca 

i^N-rob-N-rorororoN- 

in in ro in in -»ro ** ** in 

•— w— *r->r—•»—«—»r-v— -%— «r— 

O «— «— O O O O O v- o 

K>"4-»O OOr-O«t-T-ro 

in in r>. *> o CVJ -a- CNJ CM *— 

o-o-cr a-D" er er er er er 
oooooooooo 
m in in in in in in in in in 

in in u-i in in in in in in in 

oooooooouo 

oooooooooo 
oooooooooo 
COCOCMCOCMCOCMCOCMCO 
*4"««*h'-*d'in*ON.<or>-<-* 
h- N. ro r>- N- ro ro ro ro N> 

000*3000000 
ooooommmmin 
CM CM CM CM CM CM CM CM CM CM 
* I ■ t ■ I a • ■ ■ 

OOOOOOOOOO 
oooooooooo 

in in m in in in in in in in 
CM CM ro ro ro CM CM ro ro ro 

oooooooooo 

oooooooooo 
oooooooooo 
oooooooooo 

oooooooooo 
oooooooooo CJ 
oooooooooo< 
oooooooooox 
inmininimntnmininae 

oooooooooo^- 
oooooooooo 
oooooooooo 
oooooooooo 
in in m in in in m in tn in M 

oooooooooo a 
oooooooooo«-* 
 o 

oooooooooo 4-* 
mo o o o mm in in in .Q 
CMininminN-h-s-rs.r^ 3 

»   •   *    •    i   i   t    l    i   *  O) 

ro ro to ro roro ro ro ro to ro 

rororororororororororo 

oooooooooo » 

OOKirOfMOOOOOOOOOOOOO ooo 

oor— h-r^-ooooooooooooo ooo 
cocoN-'r-«r-cor\JfMoocO(Mcooocorwjcooorvi COINJCM 

»OMroror^roro^ro^r^Mh^Mtob-roro roioro 

^^•^>j'tn*4,vj'tnNj-inLn'-4'sy-v4'sj'iriN*sj- ■**^-*j- 

va-ro^->j-in^-«j-ir»N^ininrorosj'^insi'*4- ^J-'«*^ 

-r-r-000000000-r-T-»-T--i--r-v- »-»-*- 

OOOOO^-OOOO'T-OT-OOOOO OOO 

OWNONr-r-^^oaO-OCOMO^OO OT-CO 

■»— o co ro ro o o *- N. O O O *O eo •-* *- *«t N* roo^o 
(MON^TJ^rorg^-miororofvj     oroo^o KCMCM 

NNNNNNNNiMNNNNNNNNtsI NNN 
XXXXXXXXKXXXXXXXXX XXX 
intntntninininininintnininintninmin mtnin 

ininmtnu^ininu^ininiriuiir.irvinininin tntnin 

uooooouuuuuuuuoooo "o"o"o 

oororocMOoooooooooooo 

OOh-N-I^OOOOOOOOOOOOO 
CO CO N.W-«— CO CM CM 00 00 CM CO CO CO CM CO 00 CNJ 
*o *o CO O S. sQ |>. i/y «o •** in «o *o *o N. ** *o N- 
ro ro ro ro r>-to ro f>-ro h-N. ro ro ro ro N. ro ro 

>*^^^in^s»inNfiniT»<-*->*^«*i-in«*«-r 

** ro ** -»-r in ** ** in -*4- in in ro ro *3- ** in ** «■* 

«—<r-0 O O O O O O O O «-«-v-v-<r-v-«- 

OOOOOV-OOOO^-OT-OOOOO 

o CM N. o CM «-«-sj-%o o o o co ro o-** o o 

«— o co ro ro o. o*«- N. o* Q\ o* <t co -^ »- ■»j- -<r 
CMO^CM'OCMCMv-mrororocsi    orooo 

^roooroooroorocM^-h-roorocMKoooo 
c^fÜ.£^r-0^0*52lA^^'/^f>'*A.50,%o>ooooo 
N» ^* CM CM r>- o o co o CM o *-** ^ m co ro ro CM CM CM CM 

Kmco^<Oi^b-^^rs.coc>seoco^ScoKKKmm 
ro fw ro r*- ro ro roKf^ro h- ro ro ro N. h-h- K ro roKK 

00000w©00000000000«r-«r-r-«i- 

^o>o*o>oco^-o^>ooeom«-Kr»-T-^)mc>rorororo 

^^^^°!^:^^^^^M«^^<>»f>JtviÄinmin 
sO-OsO NO ~r-CO      COC>Cür^mCM^CMCO^O^C>C>OsC> 

mmininminmmmm • 

«-CMromN-cM-4-int^o • 
NN(\IIO>tNt»nOT-csj  « 
**^omovj-o.mom • 
stNtf-roNj-sOT-fMr-rONj- i 

inininu-.ir»u-iini/M/Mr.m 

D" O" D* O- O" O* O" XT XT XT XT O" XT O- O" O- D* D" 
oooooooooooooooooo 
mmmininmininmmtnmmmmmmm 
*-*-1-«-T-1-1>—«-V--r-<r- *-■*-«r- i- *-r-r- 

mmminmmininminmmmtnmmmin 

oouuooouououuuuuuu 

oooooooooooooooooo 

oooooooooooooooooo 
COeOCOCMCMCOCMCMCOCOCMCOOOCOCMCOCOCM 

ro ro ro ro b» ro ro N- ro N. h» ro ro ro ro N- ro ro 

oooooooooooooooooo 
ooooooooooooommmmm 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
•    ••••••-•tiiitit.it 

oooooooooooooooooo 
oooooooooooooooooo 

tnmmmmmmmmmmmmmmmmm 
CM ro CM ro ro CM CM CM ro ro ro ro ro CM CM CM ro ro 

oooooooooooooooooo 

oooooooooooooooooo 
oooooooooooooooooo 
oooooooooooooooooo 

oooooooooooooooooo 
• • • "•■•••••■••••■•^ 

OOOOOOOOOOOOOOOOOOU 
oooooooooooooooooo< 
0000000000000000003C 
mmmmmmmmmmmmmmmmmmz 

CO 
oooooooooooooooooo«- 
oooooooooooooooooo 
oooooooooooooooooo 
oooooooooooooooooo 
m m«- «- w~ ro ro ro ro roro mmro roro roro n 

OOOOOOOOOOOOOOOOOOB 
OOOOOOOOOOOOOOOOOO 4-» 
OOOOOOOOOOOOOOOOOO*-* 
mmooooooooooominmmmJS CMCMmmmmmmmmmmmr^r^r*.r>.b. D 
I t * i i • i i i ■ i i e i i t i , (/) 

ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro 

rorororororororomrorororororororororo 

oooooooooooomooooo• 

tnmmmmininmtnminmommmmin • 
«r— t 

SOvroro-oraNO^ninT-i-ofvj-jnirt «     %*oro • 
^r-vti-sl-OOfOineOOT-vOOt-iAyO  • co *o OJ   I 
**ini>inin»-NSNf\JSiniA^-NNi\js •      roo*o • 
•—»-     rviin•— CM in•--»j-m »-«-*-CM »4-*-f\j »      ^-raro • 

•st >»r -<r vj- <r •-* ** sj- ■»j' ^ ^j- »j- NJ- vj- ^. ^j. ^j. ^j. ^JJ.     %j-^-»^-^- 

ir\ in in tn in in in ir\ in in in in in in in in in in in     tnintnin 

193 

g" o- cr D- o- o- a- o- tr tr cr tr tr tr tr tr tr cr u- tr er or 
0000000000000000000000 
>O-O-OVONO>O"O>0-O,O>O-O>O>O,OVO-O>O-0V0-OV0 »-^1™«—*— «—i    41    ■    ^>v-v— v*qr- w— ^v— *-»-»— T- 
'0'0«OvO<0'0>0>0>0'0,0>0>0«0-0>0>0,0^-0>0-0 
uouuuuoouououuuuu UÜUOU 

000   0000000000000000000000 

2°.°. ooooooooaoooaoooooooöd 
2C?Kf       gw££«£cycoMco»rococNjramc>icvJc\ic\jc\jS 

MMKl Mr>-Mh».MMMKN.Mr--MMMSSKr-.MpiK|C 

OOO 0000000000000000000000 

000        oominooooomommmmiAmmminmin 

•», •««■llllllllllltlltit! 

OOO 0000000000000000000000 
OOO      OOOOOOOOOOOOOOOOOOOOOO 

OOO    OOOOOOOOOOOOOOOOOOOOOO 

222 OOOOOOOOOOOOOOOOOOOOOO 
OOO    OOOOOOOOOOOOOOOOOOOOOO 
OOO OOOOOOOOOOOOOOOOOOOOOO 

OOO    OOOOOOOOOOOOOOOOOOOOOO 
222a 2S2SS9290000'ooöoöoo'ooou 
000<  OOOOOOOOOOOOOOOOOOOOOO« 
ooox  OOOOOOOOOOOOOOOOOOOOOOX 
mmmse   »ininminininmiAinKlinininiAinininininininz 

•  ■••*••■ 1  1  ••  1   1  1  1  1 
M MI 

OOO    OOOOOOOOOOOOOOOOOOOOOOOJ 
OOO    OOOOOOOOOOOOOOOOOOOOOO 
222       22222200000°oooooooooo 
OOO OOOOOOOOOOOOOOOOOOOOOO 

000 a    0000000000000000000000^ 
OOO«  OOOOOOOOOOOOOOOOOOOOOO» 

• ••O    '••••••■«••«••«••••a««0 
°22«  OOOOOOOOOOOOOOOOOOOOOO»* 
Ü1S2-9    !"'"0000oooommmmmmmmmmmmJJ 

•   •   ■ co      ■   ■   •   •   •   •   •   ■   I   I   ■   1   1   ■   1   1   1   1   1   ,   ,   , M 

MMMMMM 

MMMMIOM 

OOOOOO 

MMMM 

MMMM 

momo 

MMMM 

MMMM 

inoinm 

MMM 

MMM 

omo 

MMMMMM 

MMMMMM 

inomouvi 

CA00 •     mmtnininiAOmomomoomomomOino • 

•-inNT-ins 
ONOKI-OK 

MCNJin       CM 

*o*o «0^0*0^0 

r--c>o>co 
h-co com 
«j-o>oo 
rJMM 

»0*0 «o»o 

N-OO-»- 
oinmf«- 
000«» 

CNJ 

«»«*«*«» 
«o«o*o«o 

MMm 
CO coo 

MMtn 

«0«0"0 

moo«»«* ■ 
o«o«ococo ■ 
*»«o«o«o«o • 
incsjcvjmm • 

«»«»«»«»«»«» 
«o«o«o«o«o«o 



—' o << 
c< 
SO. 
OO 

TJ C 
—' 6) *-* 
-- > a 
• IIL 
o— o 

j= a 
O SI 

«J — 
ou- 

—< u 

c< 
30L 
ou 

CO CM < 

•uz 
tO 

TJ C 
—» a»w 
—• > a 
u w t. 
U — «3 

si a 
O 4) 

a— 
OUL, 

O      «—«-* 
o     %< 

o< 
C      <QL 
3 u 

CM «I 
O     % E 
«M       Ü — 

<l~ 

01    «— ftl 
3     * E 

CJ~- 

—• CM    • 
— % u 
9) U Ü 
CJ <« 

t- * U 
w u u 
a << 
x 

o 
3 CM SI 
I- ««-> 

u a 
s. <0£ 
o 

t) «- SI 
< %«-> 
X «J a 

a 
c 

t_ _. a 
SJ < l_ 
D. «a 
E < a. 
O O- 4P 

*-• «J 

Q. 
«I 

(ON 
JO       41% 
-J     TJ 
UJ      o«— 

x 

o I— 

030« -rO"-f>*-f">'"-rTOcoo. 

•o 

o 

in 

o 

NT 

•3 

in 
CO 

O<acaO«->ae0 

CMOCMCMtnOCM 
CM «oco«*-0*000 
o«-CM «-CM «-CM 

mWMMMMM 

ooooooo 

OOO-*«-CM>ON. 

cocMON-in>oin 
N-tn-öin-o-s-N. 

o 
• to 

ou 
o< 
ox 
fOSE 

O 
O 
o 

o a 
o«-> 

• o 
O«J 

in 3 
• co 

-*•* 

nn 

MM 

O  l 

O e 

CM  ■ 

Or\JininN.tnN-tnr^inh-oc\jra 

to«— f\i*-r\j*-r\j*-(\j«— CM«-CM»— 
MIOMtOtOIOfOKlfOfOIOIOtOtO 

tntoKifOKiioforoiOforoioroto 

i-O»-«-»-»-«-«-«-»—«-«-«-«- 

oo«-o«-o«-o«-o«-o»-o 

oin-otocoioeocMO-a-cotoeoin 

NNNNNNNNNNNNNN 
22X32323322222 
N.N-N.isN.f»is.r«.t»N.isN.is.N. 

N-l>.N.fZlsfI|CNiiCNl?Zs!f3s! 
uoouuuuuuuuuuu 

COO«-«-tO«-tO«-fO«-fO'OGOO 

»CMtninN-inN-inN-inN-ocMCM 
in«tf-ON.ON.oN.oN»o»oeo«a- 
JO«—CM«—CM»—CM»—CM«—CM«—CM«— 
KlKlMnnnnKlKIKIMMMM 

tO •*>»•* «S-•* v» sf «*»* ■>* •* ■>» «» 

OO«—O«—O«—O«—O«—O«— O 

SN.lAMO-^S^OlA'-DIXMS 
Oin -o JO co to eo CM o »* eo to eo m 

NSooooweaNrO'-ininiAin»-        *o" 
to rn *- *- ,- .- .o »o «- %* v* oo co co co ^t *o 

KltOMMMIOMMfOMrOMNMSM CM 

v*N*-sj-^*j-v*N*v^sj-^^Nj-invj-invt 

vj-stNjvtvj-^^vj-in^^^in-j-u-v^ 

OO*-«— r-(-T-T-00»*i-r- »-0«- 

oo»-»-»-«-«-ooooooooo 

•»•»^•»^•»MT-foriiinKiMnKnn 

ioisaooooN.r-.is.Kooo 

eo to eo in in in to JO JO to in in in ■o-ovocococOvj--»-*v3-coeoco 
K CM in jo«-»-in to in to to»- •— 
fOfOfON-N.foN.joN.jnN-N. 

in to •*•>»• in in«» in »# in «*tn in 

in «» «»•* in in «$• in «* in -* in m 

»—ooo«—oooooo«-o 

O O to N- CM IS. CO fs CM CM IS M IS 

IO tO IS- «* to«»to «* » CO »* to •* 
in lO «O ^3■ K •* M3 W >4- CM «»IS »J- 

ooininminincoo-*oooooo 
oocoooeococoeooeoio»*-*~»-j-to 

NNMNNNNNNNNNNNNN 
3333333233333322 
cocooocooocooocococococococococo 

cococococococococoeococooocococo 

ouuuouuuuuuouuuu 

BUO-J-I^^mMMKOOOOOO 

S-S-oooooocotstOinmininmin 
to to •— *- v- •- >o >o «- «* co oo oo eo co eo 
mm»o<0<c<otnminintoto*-to «-to 
to to to to to to to to to to to to is. to N. to 

^i>^S'*******^'-3'^"^,'^***4,in^in^ 

•*>*•*•»•>*»»«* »s m •*•*•>!■ m •» in «# 

OO«— (r-.«— «— w— <a— 00<f~9— «™T— O»— 

OOw— *—s—«—«— OOO«— OOOO«— 

»» «*-* «S-•* »* CM <i-to CM CM »O tO tO tO CM 

ooinminmmcoo^toooooto 
o ooooooo eo eo coo oo Is «4-«» >* «*is 

D* CO OLO Q.O Q. txo Q.O OjQ 0.0 CLO Q.O Q.O ctamcececocccocticaiDZcccc ecccccotszotsiBcatctoiotcicccztz 
O |S IS IS IS. IS. IS IS ts|Slsls.lsN.N.I>.»S|SiSr».f«.Is. ooooooooooooo oooooooooooooooo 

<o m~T~VTT' r"r"i^r"rT*r"r"r"r"rT'*"'r" eoooeoeocococoeooooooococo oo oo oo co co oo oo oo co co coco oo co co co 
«— IS.fSrSr*.|SISIS fs |S IS. IS t>-ts N. IS IS N-fS IS fsN. *—»™ «-•*"■*—*■•«—»-•«—«— •—«—•?— T— •—*—•—»-■«—«— »—v» t—•—»—«—T- «-T™ 
"O —•—»—> —I—«-J—' ~» —I —'—I —•_*—_! —■_> —■_! —> —! 00 CO CO CO CO 00 CO 00 00 00 00 00 C0 CO 00 CO 00 CO 00 00 SO CO CO CO CO 00 00 09 03 
— CUUUUUO UUUUÜUUUÜUUUOU _l_J_l_J_I.J_l_i_l_l_l_J_J JJJJIJJJJJJSJJJJJ 
u uuuuuuuouuuuu uuuuuuuuuuuuuuuu 

o ooooooo 

o ooooooo 
CM ooooooo 
is. m is f-. isN. »s is. 
tO N. tO tO fO tO tO IO 

o        ooooooo 

in        mootnmoo 
CM CM tO tO CM CM tO tO 

o       ooooooo 

o       inminmininin 
CM CM CM CM CM CM CM 

in snminminmm 
IO CM CM CM to tO tO tO 

o ooooooo 

o in in in in in in in 
O w—«—V™«—«—»—*"* 
O OOOOOOO 

OOOOOOOOOOOOOO OOOOOOOOOOOOO OOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
N. N. N. IS IS IS N. N. N- N. N. N. N. N. 
to to to to to to to to to to to to to to 

OOOOOOOOOOOOOO 

omm 
tO CM CM 

a    I 

oommooinm 
tO to CM CM tO tO CM CM 

ooin 
tO tO CM 

OOOOOOOOOOOOOO 

in in in 
CM CM CM 
I   I 

minm 
tOv-v- 

m in in in in in in m 
CM CM CM CM CM CM CM CM 

in in in 
CM CM CM 

mtnmm in ininin 
«- CM CM CM CM IO tO 

minm 
to to CM 

ooooooo 

OOOOOOOOOOOOOO 

mmmmmmmmmmtnininm 
CM V" w—a—«—«—«—v— w— T— (?— ^m «j— w— 

OOOOOOOOOOOOOO 

OOOOOOOOOOOOOO 

OOOOOOOOOOOOO 

ooointninooootninin 
CM tO tO CM CM CM CM CM CM CM CM CM CM 
ISIItlltlllll 

OOOOOOOOOOOOO 

mm in in in in in in mm mm in 
CM CM CM CM CM CM CM CM CM CM CM CM CM 
llllllliillll 

mmmmmmmmmmmmm 
CMOOOOOCMCMIOtOOOO 

OOOOOOOOOOOOO 
I      llllllllll 

inminminmintnininininin 
Ov"CM v"*—«— O OOO«—•—»— 

OOOOOOOOOOOOO 

OOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

ooommmoooomoooom 
CMCMIOCMCMCMCMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOOOOOOOO 

inmmmmmmmmmmmmmmm 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

in in in in in tn in in in in in in in in in in 
OOOf-CMtOCMCMtOtOOCMCMIOtOO 

OOOOOOOOOOOOOOOO 

mmmininmmmmmmmmminm 
«-T-CMCMCMCMOOOO«-«-»-»-»-«- 

OOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

co 

3 
60 

eo 

u 

OOOOOOOOOOOOO OOOOOOOOOOOOOOOO o 
OOOOOOOOOOOOO OOOOOOOOOOOOOOOO o 
in is N.N- in in N- in N-mN-tnin N-N>is.N.N.N.N.N>N.N>N.N>inN.mN. N. 
N. to tO SO N-N-to N. ION. to |S. N. fOtOtOtOtOtOtOtOIOtOfOtON.ION.tO fO 

oooooooo 
ooooooo< 
ooooooox 
immntnininins 

ooooooo 

ooooooo 
ooooooo 
ooooooo 
tnmmmmmm a 

ooooooo a 
ooooooow 
 o 

ooooooo^ 
OOOOOOOJQ 
inmminmmm a 

to to to to to mto to 

to to to to to to to to 

motnotnoin « 

ooooooooooooooo 
oooooooooooooo< 
oooooooooooooox 
in to po to to to to to to to to to torn z 

OOOOOOOOOOOOOO 
ooooooooooooo< 
ooooooooooooox 
in«— in to to to in in in in in in in 3 
i    » i t i • i i i i i 

to 

oooo 
oooo 
oooo 
tnin«-»- 

oooo 
oooo 
oooo 
«-«—mm 

oooo 
oooo 
oooo 
in in to to 

OOOOOOOOOOOOOO«— ooooooooooooo«— oooooooooooo 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
minmmimnininininmminin si 

ooo 
ooo 

ooo 
moo 
CM in in 

oo 
oo 

oo 
oo 
mtn 

ooo 
ooo 

ooo 
ooo 
mmm 

^■-3-vJ-sJ-^ 

to to to 

to to to 

mom 

to to 

to to 

om 

st-3-s» 

to to to 

lOIOfO 

omo 

oooooo a 
0000004J 

.  .  .  . o 
OOOOOO-M 
OOOOOOX1 
mmmmmm 3 

V) 

to to to to to to to 

to to to to to to to 

moinotno i 

OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
OOOOOOOOOOOOO 
in in m in in in in in in in in in in ti 

ooooooooooooo a 
OOOOOOOOOOOOO«-» 

• o 
OOOOOOOOOOOOOO 
oinmminininininintnmtnjQ 

60 

lotofotofotoiotototototototo 

totototototofotototototoioto 

ommmointnmininmom • 

oooo 
oooo 
oooo 
in in to to 

oooo 
oooo 
oooo 
totomm 

oooo 
oooo 
oooo 
mmmm 

oooo 
oooo 

oooo 
oooo 

oooo 
oooo 

oooo 
tntnoo 
CM CM in in 

oooo 
oooo 
mmmm 

oooo 
ooinin 
mmKN. 

to to to to 

to to to to 

ooinin 

to to to to 

to to to to 

ininotn 

to to to to 

to to to to 

omom 

o 
to 

in 
CM 

m 
CM 

oooou 
oooo< 
oooox 
tototomÄ 

■  lit 

oooo«- 

oooo 
oooo 
oooo 
mmmm u 

oooo a 
oooo v 

. . .  . o 
OOOOU 
in in in in.fi 
N-N-ISN. 3 

tn 

<f vS'-J Vj vf 

to to to to to 

to to to to to 

tnmmo < 

o 
• a 

ou 
o< 
ox 

o 
o 
o 
m H 

o a 
Of 

• o 
04W 

£"§ 
60 

m «      oiAoinomo omoy-iomoinotnoinom i     mooomoooooomo «     minoooomomomoc 

CMOOcMCMintn • 
CM f*- N- «— «— CD o I 
^OOOOOOOO  g 
r— CM CM to to to to > 

|SI>.|St^lSISlSlS 

coo» 
«-to to 
mlsN- 
<*CMCM 

r-N-is. 

CMtM 
•OKI 
ISIS 
CM CM 

N-IS 

mineo 
*o^om 
CO coco 
CM CM CM 

N.ISIS 

00 «—«—%*-3" M3   s 
incsoooooeo • 
coooooco • 
(MCMCMCMCMCM • 

»J-~» %» ~»-» «*-* 

N.N.|S|St^N.N- 

vfvOO«— N-N-f—fOfOOO^-O • OOt0>0CMC000C0 
DNto^tNN'Ooo.rotMtnin • inCMOCMinN-*o*o 
oom«—inoocMootoOinoo • inmmN-ooOcMCM 
-3-«-tO«— *OM0     v*     -*«— *o>o • «—«—totototo 

CO CO CO CO CO 00 CO CO CO CO CO 00 CO 60 CO CO CO 00 CO 60 CO 00 

v»»»«-0 
oo»»o 
to to in eo 

CO 60 60 CO 

■o-orjo i 
fOCM>OCM  I 
too>»m • 
*o«—*o*— i 

CO CO 60 CO 60 

o • 
•4- • 
CO I 

•4--* 

coco 

194 



**— r-*->JZ 
— O •<< 
c< 

01 in 
D) ou 
a 
a. tOCM < 

0£«- 

—-U *, • 
>OI 

v • 
T! C 

'ttti 
* > a 

i i « <- 
L j— a 

J= a. 
U «1 
<l/> 

a u 
♦J—» 
«j— 
QU. 

—■ o << 
c< 
la. 
ou 

ION < 
OC*- 

~CJ 
f 1 
•uz 

r> 1 
■a c 

' OK 
v • > a 
i > «i t. 
c i— a 

JC D. 
u o 
<c/> 

a o 
+J—« 
o~- 
QU. 

•* -W 
o «—•»* 
o «< 
w~ 

CJ< 
c <£L 
3 U 
-a 

CM U 
o> % E 
CM o— 

<l- 

"O 
o 1- « 
3 %E 

o— 
i <l- 

n —* CM  . 
m* % u 
V u u 
u << 
X 

L. % u 
4J u u 
a << 
X 

o 
X CM V »- %4-> 

u a (. •tee 
o 
t- 

a 
u «- o < »4J 
X u a 
ac <oc 
O) 
c 

"»■ *J+* 
t- — a 
a < t- 
a €J 
e <a 
o & « 
u cjt/i 

«-• o 
L- « 
O OS 
u. 
o U 

OS « 
OS 

t/»CM 
Kl 41«: 
_J •o 
Hi O«- 
to X% 
a. 
—i fr- 
-j ■—• 

UJ 
X 0£ < -J 
DC en 
U i— 
o to 
DC —i 
a. o 

£o8cM^™t2äco^o«ocS^KKK2^ 

>000000 00«-0 0*-00OOOO OOOO OOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooo 
oooooooooooooooooooooooooooc 

°°2PP2222°P°P°°°Pppggggggggggggggggggggggggg°g°^ 
inmmr^KmmmmN.r^^Kr^r^Nr^N^Kin^KKKKmKK£S£icSSPPS20 

OOOOOOOOOOOOOOOOOOOOOOOOOOOC! 
oininc 
PO CM CMC 

oooooooooooooooooooooooc 

J CM CM CM CM CM CM CM CM 
•    •    I    •    t    a    I    i 

OOOOOOOOOOOOOOO 

in in in 
CMCMtO 

tin in in in 
J CM CM CM CM 

«   i   • 

ininmin 
«-CM CM CM 

inmtninininmm 
CM CM CM CM CM CM CM CM 

I   •   I   •   I   I 

in in in in in tn in in 
ro to CM CM to CM CM O 

OOOOOOOOOOOOOOO 

JOMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM°° 1   '    '   V '    '    •    •    ■    ■    •    *    '    •    •    •    •    I    »    I    • it 

°°°°°°°°°°°00000000000°ooooo 
in S !0 !fi^ ^ m m ■" •" *" ■" "^"" •""«<n in in in in in in in in in in in 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
'■■••■• ••••■■•■■■■tiii 

in in in in m in in in m in in m m in m m m in in m in min in m m in m 
0.°^^^™™>0™CM^r>JIOMifO^CMCMCMM!ocM™cMM£S 

oooooooooooo oooo oo'o'o'oooo'o'ooo 

in in in o 
CM CM CM CM 

oooommoo 
CM CM CM CM CM CM CM CM 

oooooooom 
CM CM CM CM CM CM CM CM CM 

ooooooooooooooooooooo 
ininmininminininininini/MninuMA 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 

ininmm 
CM CM CM CM 

mm in in 
CMCMCMO 

in in in in in inin in 
Or- ^»«— «-r-CMCM 

iininininininininmininin mn   u   u   ■    i   i   OOO«*«—«— 

OOOOOOOOOOOOOOO 
■ • • I I I I • I I I I I I • 

OOOOOOOOOOOOOOO 

ininininminuMninininininmuiinininimfl 
«■^ •-«-«-«-•-»-«-»-OOOOOOO»-T-«-.- 

OOOOOOOOOOOOOOOOOOOC 
«   •   I   I   •   •   • I   I   t   I   I   I   ■   I 

oooooooooooooooooooo 
o 
ooo 
ooo 

in in in mm mm in in 
CM CM to tO M CM CM CM CM 

OOOOOOOOOOOOOOOOOOOOO 

mmmminminininmmmmmmmmmmmmmmmmmmmm 
*^*^^J'"'-»"»"»-w-T-*-'*-^-T-»*w-T-*-»-«-T-»-T-«-000 0 

ooooooooooooooooooooooooooooo 
' ' ■ ' • ' • I I 1 I I I I I I ■ 1 I I I I , , , , , , , 

ooooooooooooooooooooooooooooo 
oooooooooooo 
oooooooooooo 
in in in in in in in in in in tnin 

«„i2S29000000°oooooo 
ooooooooooooooooooo 
S2900000ooooooooooOw 
to to to in in in in in in in in in in in in in in in in in 

2° °2,°0.°000000000000°ooo oooo oooo oooo 

ooooooooooooooooooooooooooooo 
mmmmmMmmmmmtOMtOMMMMMMMMMMMmSmS 
  ••••■•■•••  ■  •  ■   ■  ■  i  •  ■ 

oooooooooooo« 

ooo 
ooo oooooooooooo oooooooooooo 

MMMMMMMIOMMIOin 

oooooooooooooooooo 
oooooooooooooooooooo oooooooooooooooooooo 
inintnininininintn«-*-«-»-<r-«~.-£-£-£:£l 

nS22222222222000000°oooooooc3o 2222222220000oooooooooooooooo 
0022200O0OOOO0°O0O000O0OO0OO0 
»-•-Kitntommmmmmmmmmmmmmmmmmmmmmmin 

OOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOO oooooooooooooooooooc 

OOOOOOÖÖÖÖÖÖÖSÖÖSögggggggggggggg 

^^-^^^~??~~~cM,M,M,MCMcMCM,M,Mm^^ 

'"''••••••••••••••••tlflC 

KIMM 

lOfOlO 

moo 

MMMM 

ooom 

MKIMKl 

ncinm 

omom 

fOIOKIKl 

lOtOIOtO 

ooinm 

MMtOM 

tOtorOKl 

omino mmom 

MMKHOK1MK1M 

oomomomo 

Mtnro 

tOtONI 

otno 

MM« 

rOMto 

mo 

KiroMKimfo 

OKItOKlfOM 
oomu nmmommooomomomoommo 

ommmmmomomommoomoomoomommomomommomomo 

,n!° t3 C 2 ** ** N "* •*> "O "O •» ^* 03 co ^ in m K> >O 

c~-joyjcM»—»-ttn^m>o>oininSK'0>o\oin-o 

OOOOOOOOOOOOOOOOOOOOO 

cMinr- 
CMN-M 
MCM>» 

ooo 

o*-oo 
o^mm 
oooo 
CMtO>0<0 

CMCMOO 
"-•-OO 
N-N. 

OOOO 

aooiM 
m«*^co 
"-CXOCM 
«-CMCMM 

oooo 

roK»to>o 
N-h-incM 
CMCMN**J- 

oooo 

«oinoo 
CMOS-N- 
^»Kiinm M<>MNNinini<i 

oooooooo 

ooco 
CMCM«- 
CMCM-O 

ooo 

•-mu^ 
comm 

>OCMCM 

ooo 

inooosj-cM 
oocMCMm>4-ro 
CO CO CO CO in vT 

oooooo 

195 



—' o << 
c< 
so. 
ocj 

COW < 
cz*- 

—iU 

•uz 
T3 C 

—' Of *J 
— > m 
ai ai u 
o— <o 

JC a 
u a> 

ou- 

— o ^< 
c< 
in. 
ou 

C/XM < 

M 
HE 

—• > a 
a a c 
CJ — IB 

JC Q. 
U «» 

Qla- 

o> »-—< 
©N %«i 

«M e> 
ON =«: E 

«I «- 9) 
3 3fc£ 

s <»- 

—     fM   • 

«I      U U 
U      <■* 

<-      %0 
*•      U Ü 

o 
3     NU 
t-     »« 

<J (S 
e.    •em 
© 

«9 
U <- «) 

s us 

a 
c 
«- «if 
t. — m 
a < t. 
Q.       a s= < a. 
O Q. 4) 

Q. 
«1 u 
Of » 

Oi 

BlfNJ 
M 01% 
_1 "o 
IAI o«- 
V) x:% 
_l j- 
—g 

1U 
x Of 

rK»S£82:S22EPa:e:S:^r^:Sbk»0^K^™™^^£^K3i^in^ 
^eo^NpoNOOc>ONrawo<K^o>o><oeoi^owN.ooooWNO^t>ooooNO<oo>ONO<r«.i^ 

in^iniriNä-^N^^inin-Nf-inin^^inintnN^inNOininininNOininin^inininininvj^tnininN»»* 

in>»ininNN?^«#^inin-*inin^^ininin^intnNNpN4-NNf »*inin»jin«Ntin'N*.NrN».tf ^«»inin^ 

00000«-»-000»-00«-00000000000000000000000000000000000000000000000000 

o.«\!ra<o>»o>N-rj . ^SMNKN    mNSKSom.—t-oca^-^ < rj^-inM-*r^<o<o<oi^N-^t'-^'0.->oV-:    MOOI^^S i so^S Vo>i>o>o< 1 i   i   i    i iiiii i t i i »    .        .        i   i        i ii ^-w— 

'-•-'-'-'-'-'-'■'-'-'-'-»-'•'-'-'-«-•-'-«-t.tl.Ul.t.tt.l.Ul.tl.C.l.t.l.t.t.l.t.l.l.L.t.t.l.l.t.l.l.t.t.t.tl.l.t.l.l.Ul.i. 
£.2.22.22.222.222222 2222 £2 2 °°°o°°ooooooooooooooooooooooo5oooooooooooo 
ON t>> ON O ON O.0> 0> 0> ONONO ©» O ON O. O« 0> 0> 0> 0> ON 0> ON 0> 0>ON 0> 0> 0> ONON 0> 0» 0> ON 0> ON0>0» O- ON ON 0< O. ON O« 0> ON ON O« O» ON O- OK ON &&&ONO>ON(>D> 

215222; 2 2 222222222222222222222^^^^^^^^*^^^^^^ 0,0''0>0-0>0>0-0<0>0'0,0>0>0''0%0>0>0>0v0'0> 

uuuuuuuuoouuouuuuuuuuuuouuuo o"o"o o u o o"o"o"o "ö"u oljl» O O"O O ü"O O'O'U'O O"O O O oil O olj O"U 

°°°°°°°°°°°°°°°°°°°°°000000000000000000000000000000000°OOOON^ 

2S22S2222222SS2SSS2SS2220200000ooooooooooooooooooooo'oooo'ooooo^ opooppppoopooppooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
inoooi/iinoooooooininininou<u\oinooooaooooininooinninmoinininminintninininu\ooDso^'ininiÄ 
wpjCNjwrarJMMMMiNJwrjrjCNjMPjrjrjevjrjMwwwrJMrjcNirJMMrjM 
'•••''•■■'•'''•'■'••••••••••»«•••lllllllllllllllllllllllllllll!! 

if» u\ in m in u\ m in m in in \r\ in m in in in in m in in in in m m in m in m in m m in in in in in m tnv^inininininintntnininin^inininininiÄtnininininin 
CNi rsi w ivi w ra (\! c\) <\i rj rj rj M rj M M (si M rj rj ra rj M rj pj PJ M rj ivi i\j rj (Ni w 
'     '     '     ' I      I      I     I      I     I      I      I     I     •     I     I '•'■••     t     I      I      I     I     I      I     I     |     |      |      |      |      |     tl     |     ,,,,,,,,,,,,,      , 

!££££^^mmm^^!f!^.^^^^m^"^^^mmmm^^m^^^inininin'ninininininininininin!^ 
!>»MMM^^^^^^(NifNJrNJMc\jrvjrüMMM^r>JMMf>JrJCJw 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
I    I 

gggg£££££££££££»0.;P!P;q£gggg^«£££££ggtninintn!ninin!ni^ 
ooooooooooooooooooooooooooooooddoooooodooooooooodoo  •   ■  ■   .   i  .  i   i  •  .  ■ iiii. iiiii., TTTTTTTTTYTTT 

°°°°°°°°°°°°°°°°°°°°°°°°°°°00000000000000000000°°°°°°°°000000©0 0 
SS22222222S2H22S222222222222ooc' ddddddddddddddddddddddddddddddddd 
oooooooooooooooooooooooooooooooooooooooooooooooooggggggggggggggg tn w> in in m in in in in in %n in in in in in in in in in in in in in in in(ntnKimroin in in in m in m mtnSinSSSSSsSS°2°°SMSM°MM°°M 

ooooooooooooooooooooooooooooooooooooaooooo 
2222222222220000000000000000°ddddddddddddddddddddodddddddddddddd 22222222222 0000000000000000000<=>ooooooooooooooooooooooooogggoggg a 
ininininininininmininininininininininin^-^^^^^MMMMMMtoMioMMMSMSMMSSSSSSSSSS 

222222222222222222222222222222000000000000°°°°o°oooooooooooooooo 
2222222222222222222200000000°°c>°dddddddddddddddddddddddddddddddd 
oooooooooooooooooooo«in«ininininuiiftinininin^inininininininmin«mmininKuiSSSu!SSSSSSSSSS 
inininininininininininininininininininin^l^^^|N.h.^r«.N.^N.N.tCK(C[CrC}C|C|CtQ" 

•   •   '   >   >  <ii   •   i   i   ■   •   •   i ••■■>• i   i   i   i   i   i   i   i   i   .   ■   i   ,   , iiiiiiiii.ii 

omoinoinoinoinooinoinoininoo^ooinooinintnininoinoinoinoinooino 

KiMwnnmnMmnnMmi'inKimnMKiM 

nionnnnnni'ironioMmMMi'iKiKiMM 

moinoinoinoominininoinoinmininin 

•noinoinoinoinoinmoinoinoomminininoininoooooinomoinoinoininom 

^^^~rara9^^^^(>^^ooro™oKi>joeo^rjWN»fvj>*o>h-v-o>h.h.K)coo>o>f«.r>-o.-o-os 
f^2SS^^^°^^m^^ro<0'0,or^-J'M'^"**"»"<?'co,<>,0in'*i'-«,J«sio.<>.coeor--r-.<oininM 
in»-minKIMK>M^f^fOI^-^MKl|N-t^-h-K>r^vl- IM-0<OfM-OK>S-5h5-»-^^-t> 

196 

omomomommoooomomooooo 

0^ ^—v—OS ON «—v— 
Kif~-tN-inmrj(\i 
oN-rN-NO«ooooo 
in f\j oj *o >o NO o 

COMOJ^S-NO 

hoeo-*<oeo 
K*roMi^K> 

r -3- v» -* N» ~» 

00»0'0'0'000«CNtM>0 

tOvl-s» 
ON 00 CO 
tviMrNi 
ro»o(o 

ON O* ON 

<M(MinpomM 
SSSNOlfiN} 
«-»-(MT-NjfO 
tN-rN-Mf^toS- 

»» ~» ^-~» >»• •* 
ON O» ON ON ON ON 



_^ CM   • —» •»* U 
01 u o 
u << 
X »*—    • 
L. •I* u 
♦J L> O 
a << 
X 

o 
3 IM 01 
t- It« 

u a 
s. <0L 
O **- 
«8 
U »- 01 < •Jt*J 
z u a 
z «Co: 

19 
c •*— »M«-» 
L —• a 
a < <- 
a a 
H < Q. 
o a. oi 
u U CO 

■M u 
L. « 
O a: 
a 
u u 
C* •■ 

a: 

OCM 
K\ 01% 
_J -o 
UJ o«- 
w z-tt 
Q. 

incocOKioaminineooococOLninincocoinoocooooato««'^ 
OO'-O'O'OfMrMOCMCMcMCMNCMCM 
■*-toootocouioooo'0'0>o 
n«NOO00t-*-T-T-r-O*0»OC0C0 

OCMIM 
moo 
»-T-0- 

-»•»»in 

*oco<o*o 
Mino>t>> 
•r-ococo 

»OOO 

ooo 
»MM 

m-finmi 
-»sfmin«. 

r in in in 
rinm-j 

«tf-inininininmininormin 
■^in^^^^^inin^mtn 

>o>ooo«3-~*ooco-oo>mt>»»ineoin«>>o«MOOOorjpjt»-r-fg<\j<o^<vjrj<\irorvJM'0^)o- 

^bw^^Ci^^^:2^M^m^wm^^^^^^^^>n>ö<OMM^"^oo^oc>Kt^«» 
Os^oco«p«p\c\jrj»-^rj^op\w»-^^^oxo>raorüO(\jOfN)ocjOT-»-cKi>!Njo«-i Kih-^s-i^s.h~MMMMtOvt^i^t^«)eo>»^^^>»eo^to^co^cov»co^»*iCfC«JeOsä- 

in in •* in in in in to ro>»MMin in in in «o<o in in in in in in in in in in in in in in in in in in in in in 

■j-in •* in in in in ^1-v» »»«* «* ^ »j-in in in in •* >* in in s» in •* in >» in •* in •» in s» «* in in «* in >* 

°"r"00'~OC>00000000 0000000»-0000000 0 00 00 0000 0000 0000 0 oooooooooooooooo 

£&ä&SlSlSlSlSiSi2.&2&£Z£.°° ° °°° °°°° °°° ° °°°° °feS.5 .5fcfefe.5S&fe&feSfefeSfefefefefefefefefefek 

ooooooooooooouooooo uljuuüuuuuoououuüüoouuüüoooüuuiiüUüuuu^ 

°°°°°°°°°°°°000000000000000000000000000°<3o°ooooooooooooooooooooo 

|ggS|g|g§||g|S||||||§g|g°|g§gg°ggg°gg 

°.0.°°°°0.°°0.oooooooaoooc,ooooooooooooc,00ooooooooooooooooooooooooooo 

°0.0.°°°0.°°0.0.0.0.000000000000000000000°ooo<=ooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooodooodooooooooo^ 

injninininininininmgginginininm^injninjnin 

ooooooooooooooooooooooooo 

°°0.°°0.°°°°0.°°°°°00.00000000000000°ooooooooooooooooooooooooooooooo 

0.°°°°°0.°°°0.°°°°°00000000000000°<='c>oc><=>oooooooooooooooooooooooooooo 

§°°°°°°°°°°°gggggggggggggggggggggggggggggggggggggggggggggggggggg 

tn KJ Kl M M M M M Cl M M in to M M 

mmromtOKiintoiororomKiioin 

ominoinoininotnoinooo 

mooinoinoomomoinmin 

,?^St'^,i,ilr,s-f--,^ln<1oo>'^ 
^ "£ S ^ T "° "° •"-•"» fn CM CM o o to 
mnRSSSS'*'<"0'nintlJN'0 
r*imr*»mrnr,-.r*«.»i— «— v-min«-*«— in 

oooooooooooooo-o 

momo inomin 

KiKiMmnnn 

KIMMKHOMM 

oinmininoin oinoininininoinoinomomomintnoominooooomomooo 

oinoinoinooinooooinoinoinooooinoinoinoinoinoooininooinininininoinoininin 

^^ooh-vr-o»o>o^->i-inincoeO'0»ooco»-{>cNJoKi«-cMOKiM'-»->o-»h- 
MM-J-I^NMC0C0NN>*N»^-*MMMn>O-*MI\JN^(>.vO'<l^inmmN»^ 
^•0>0<0>-S.<>CMCM»-^M»n»l-v»-MKie>COO.OO.-0»-or>.>ON.S.-0^v»-MC» 
^-f^ »-'-'-CMCM-00-0-OCM(M'0-OCM>OCM'Ornr^K1N-CMsOC\JIM^Omr--IO 

oooooooooooooooooooooooooooooooooo 

r— CO coo 
in^-sy*- 
CMCMfMvjr 
KlfOMKl 

-*T**T*J-**? 

or—t--o 
r-OO«- 
>»K)K1-» 

oooo 

eocooeo »-oo 
OOON-C0»0'«0 
CM CM in **»■ m **»• «4- 
f-r--Kir».|-'lt"-r-- 

-*3" -**• -*T *J- N* vf vj- 

0 00*0*00*0 

197 



so. 
ou 

1/>I\J < 

«us 

■D C 
— 91« 
_ ><0 
«HI. 
u— a 

je Q. 
o ai 

—» u << 
c< 
JO. 
ou 

1/>(\J < 

>uz 
M 

•o C 

-> > a 
41 &> L. 
o— ca 

.e a 
U 41 

a— 

«*        *-< 
o    « • 
o     =»< 

o< 
c    <o. 
3 U 

CM 41 
o   me 
t\J      CJ — 

41 r- «I 
3 *k E 

O — 
■ «ti- 

ll) 
— C\J    • 
-» % O 
41 UU 
u     << 

u     % Ü 
«v     UU 
a    << 

CM 41 

u a 

u «- s> 
< %-w 
x on 
a: <« 

s- -> «j 
so < <- 
rx a 
E < Q. 
O 0. 41 
U UU 

*J u 

1/>C\J 
Kt 41% 
-1      X) 
IU Or- 

a. 

v-ooof*-«—«— rn>^>ONj«o>o*oo*oco«~rvjfvj 

>o»o«- co co >o*o CD i— o*— o ■—»—«—»— r^rorvjoj 
vJf\JfnC\JC0C0*0OOC0r^*0OON.OOr*-»0,0 
r/}N-l^fOMmh~mroroN-N-KTffON.KivjN-»o<i 

•»Jinin^^^m«^ ^^mm-j-N^m^mininm 

*Jinin***4->$'in>*^r*j'inin*4»*in~»*4-ininin 

0"-KiKifOcooocorjc\ipjf\jcom»~ 

f-ococococo^sro»-«-»-^MON! 
*-*ooooinoo*ocococoeoK-oo 
vJ«JO>NSO(hSO'OOCO(000'0 

oooooooooooooooooooo 

cof^f^oinfMr\JroN.co*oco*0»0*0'0'-v*oo 

CM COM CO «-Kim      in%jm>J'O'O>0»j«0N»*Nj 

NNNNNNNNNNNNNNNIMNNIMN 
22222222233223333333 
OOOOOOOOOOOOOOOOOOOO 

oooooooooooooooo 

<r-co<Oc\j*oinininGOinoino*-o<o 

ocoo*oo«-cjeo**«-r\j»-f\ipnt\j'c\j 
COCMCO    co^rjK>o«Mco(Mco<0(MO 

NNNNMNMNNNNMNNNN 
3X22223233X23322 
OOOOOOOOOOOOOOOO 

on>r>-<"^cocoracoN.coco<oco*ococococoroK) 

Nj-»»«»r«-N-fvjr\irjc\)»-(>jN-f\jl>-(\jrvjrjc\irj<o^ 
^<o«or\irMcooocooo>^orJror\irooocococOhoro 
•-oorgo«-o»-oo»-toiM«-o«-»-oo»-o 

inintnintntntnininininininimnintninintnin 

■4,inin*4-in*tfin**inKi»4-»a'"4-inin'4:«4'inin>4'in 

00000«—^-«— «— OOOOOOOOOOv— «— 

comcomirOTioioro<otoO'SO>Noh>aK<-<- 

eo o coin in »»»»■-*-» coo «o«-'0'>-«-o«-ooo 
SVJN.rgf^N-OOOO'tf mO     O      «-PO»~KiOO 

C-L.t-UC.E-C-t.l.L.l.l.r-L.C.&.l.C.t.L.C. 
ooooooooooooooooooooo 
ooooooooooooooooooooo 

oooooooooooooooooooo  oooooooooooooooo 

ooooouououoooouuuoou   uuuuuuouuuouuuuu 

<r-OOO*-N*rOK»c\ir\J*0^0*0'0*0*0C0OCM'f\l 

OMKiOO^-coN-KiKiOO^^-j-^roinratv. 
*0<0«-co<oroor\jcocooo«-«-«-~«-r*<inr\JcM 

•* mm •* "j1 s» m«»>j «* m 4n >» >» in«» «J-in in m 

oooooooooooooooooooo 

coSSoso>N'0'ineoinN«ciNf K)to^<ooo 

cOT-i-ro^coN-oofywo^-^oocosfoo 
CVCOKICOIS-*—in*o>Oc\j i M^)ioiAr*eoin^^ 

oooooooooooooooooooo 
oooooooooooooooooooo 

ooooooooooooooooooooo   oooooooooooooooooooo 

ooououoooouooooooooou   ouoouoooooo O"U7J"O1J1JTJ"<J7J 

ooooooooooooooooooooo 

ooooooooooooooooooooo 
ooooooooooooooooooooo 
NtAtnNinNmKinsSSSininSNininKin 

ooooooooooooooooooooo 

inmm 
CNtCMrM 

8      1) 

oooo 
KJMCVOJ 

ooino 
CklfMCMfM 

ooo 
KlKiPn 

ooooomiA 
MMMMMNN 

ooooooooooooooooooooo 

intninminminiAiAininu' 
(\J<\J<\]tM(MC\Ji-\JCM(\JrMIMr\ 
■    Bllaaiiieii 

ooooooooooooooooooooo 

ooooooooooooooooooooo 
■ lllllaltailisagillll 

ooooooooooooooooooooo 
ooo 
ooo 
ooo 
MMM 

ooo 
ooo 
ooo 

oooo 
oooo 
oooo 

ooo 
ooo 
ooo 
in in in 

ooo 
ooo 
ooo 
in in in 

ooo 
ooo 
ooo 
mmin 

ooooooooooooooooooo 
ooo 
ooo 
ooo 
mmm 

ooo 
ooo 
ooo 
mmm 

oooo 
oooo 
oooo 
mmmin 

ooo 
ooo 
ooo 
inmm 

ooo 
ooo 
ooo 
in in in 

ooo 
ooo 
ooo 
in in in 

oou 
oo«t 
oos: 
ininz 

M 
oo«- 

«M 
oo 
oo 
oo 
mm to 

oooooooooooooooooooo 

oooooooooooooooooooo 
oooooooooooooooooooo 
NminSNNiANSNinirtSKLnNNinLnm 
MtVN.MMMIs-MMMt^r'-MMr«-MMr><-i'>-N- 

oooooooooooooooooooo 

ooomoooinoooooooomooo 
Nojr^r\}(Njrs)r\jr\Jc\ir\jrsir\ic\iKir^f\jr^ruhOKt 

oooooooooooooooooooo 

inmmmmmtnmininininminininmminin 
<-«-T-Nc\JC\J(\ic\JMMMM<\j'«-<r-<-tNilMC\IM 

oooooooooooooooooooo 

in an in in in in in in in in in tn in in m in in tnin in 
«— v-v-v- OOOO OOOO w-T— «j— i— «— «-OO 

oooooooooooooooooooo 

oooooooooooooooooooo 

ooooooooooooooooooooo 
OOOO OOOOOOOO oooo oooo «£ 
ooooooooooooooooooooo 
rotOloinbninininiAinininioinini/MniAiOKiz 

i   i   i   «   i   i   i   ( iii 
o 

oooooooooooooooooooonj 

oooooooooooooooooooo 
oooooooooooooooooooo 
oooo oooo oooooooooooo 
MMMinMMMMMMMMinininin«-MMM II 

oooooooooooooooo 

oooooooooooooooo 
oooooooooooooooo 
SNNinmSNinNNSininNNN 
MKlMNSKimMOMnNNMMUl 

oooooooooooooooo 
ooinin 
ojrjtxirj 

i   t   i   i 

mooo ooooou 
«MINicMCNJtXjr 

ooooooooooooooooooooo cu 
ooooooooooooooooooooo *J 

• • • o 
ooooooooooooooooooooo*-* 
OOOOOOOOOOOOOOOOOOOOO.Q 
OOOOOOOOOOOOOOOOOOOOO 3 

MMMMMMMMMMMMMMMMMMMMMM 

momoooooommomoinoinommm • 

omomminmininooinoinoinoinooo i 

oooo 
oooo 
in in in in 

•tf-tf »»■•J• 

•4••J■«4■-4• 

MMMM 

MMMM 

inomo 

oooo 
oooo 
in in in in 

MMMM 

Kinnn 

Oinino 

ooo 
ooo 
ininm 

MMM 

otno 

oooo 
oooo 
in in in in 

■   ■ 

MMMM 

MMMM 

in in in in 

oooooa 
ooooo *•• 
 o 
OOOOO *-■ 
ommooü 
inKf-.oo 3 

*s »»«»«»«*«* 

%» V* ~» »*-* ■* 

•nfofntoforo 

inoomm i 

oincaininooinu-voinoooooininoo 

oooooooooooooooo 

mmmminmmtnminmmmmmm 
(M(Mf\!!MfMCM(M«\JOjrM<Mf\JOJrg(NJ(M 
iliiisillillilll 

mmmmmmmmtntninmmmmm 

oooooooooooooooo 

oooooooooooooooo 

oooooooooooooooo 

oooooooooooooooou 
oooooooooooooooo«^ 
ooooooooooooooooz 
MMininmnnMmnMMnininina 

ii i  •  i  i  i   i  i 
<o 

OOOOOOOOOOOOOOOOo- 

oooooooooooooooo 
oooooooooooooooo 
oooooooooooooooo 
«-'-KiMrnmrntninKiMMKlMrniy. I! 

oooooooooooooooo es 
oooooooooooooooo«^ 
 •••■•• o 
oooooooooooooooo*^ 
ooooooooommmmmmm^ 
ininininmininininSSSNSNS D 

iiiiiiiiiiitiii/i 

otnmomommooinomoom 

inooincDinooinmoinoinmo 

r^inmoONOcONOococoo»-«—oofoiO'--»--j-f\j • 
«tMMnPjT-OeOsOMfd'r-'-O.OSS'O'ONjM  i 
-jroKi~i-jo-Oini^vo>o>».j~3-c\j<\jininvi*»»r~->o • 

vJ-^^-*4-^-s*v3-vj-vj.^.vj.sTvt^>J.vjsa.vi.sa.^.vj.N3. 

oooooooooooooooooooooo 

M*-»-T-SNineoo(>si*.N»jrjSinrvtci«»- • «-•»— COVO»O*4-**IM 
eosN>-o.OMOiocAm~j^o>^MNcoo>-om ■ »O'CONKSNMI 
CONNNO*&COO"-»-00'Om'J>JNC>0»-   i |M r\J CN 00 CO CM CM *— 
rJ-O-OM           ~J      ■-•-ininMMSMN'O^in  ■ -4-~*fOK1i^- 

«4- vj -vj vt Nj vj vj- >J <T ^- vt ^ ^J- ST vt -^ >* ^J vj- «J- ^f- vj vj" vt -^ *4 ^ vt s4 

ooooooooooooooooooooo oooooooo 

r^N-N-in 
CMOOO 
■**C0 00"O 
KirvjcNj-o 

oooo 

oiooo i 
•OO"— >— i 
■ocxJroM ■ 

ooooo 

198 



APPENDIX H 

CAS THRESHOLDS, LAYERS, AND SENSITIVITY LEVELS1 

30.000" MSL 

20.000" MSL 

10.000" MSL 

5.000" MSL 

2350" AGL 

180"AGL 

Layer 4    950/740 
(AlsoSL7) 

Layer 3 850/640 
SL7 TAU-35/48S 
DMOD-1.1 
Layer 2  750/500 
SL 6 TAU-30/45S 
DMOD-.8 
Layer 1   750/400 
SL 5 TAU-25/40S 
DMOD-.55 

SL4 TAU-20/35s 
DMOD-.35 

TA altitude threshold - 1200" 

TA altitude threshold - 1200" 

1 /UO (±50) AGL and below I CAS checks for mmiders on ground 
1450 AGL and below TCAS inNbits INCREASE DESCEND RAs 
1100 fctlOO) AGL and below TCAS inhibits DESCEND RAs 
S00(±100)AGL and below TCAS inhibits an RAs and AURALs 

30,000" MSL 

20.000" MSL 

10.000" MSL 

5,000" MSL 

2350" AGL 

380" AGL 

Thresholds for Logic Versions 6.02 and 6.02 

Layer 6    800/700 
(AlsoSL7) 

Layer 5    700/600        ~~ 
SL7 TAU-VT30/35/48S 
DMOD-1.1 

TA attitude threshold - 1200' 

TA altitude threshold - 850' 

Layer 4   600/400 
SL 6 TAU-VT22/30/45S 
DMOD-.8 

Layer 3   600/350 
SL5 TAU-VT20/25/ 
DMOD-.55 
Layer 2   600/300 
SL4 TAU.VT18/20/30S 
DMOD-.35 

Layer 1     600/300 
SL3 TAU-VT15/15/25S 
DMOO-.2 
SL2 TAU- /20s 

1700 (±50) AGL and below TCAS checks for intruders on ground 
1450 AGL and below TCAS inhibits INCREASE DESCEND RAs 
1100 (±100) AGL and below TCAS inhibits DESCEND RAs 
1000 (±100) AGL and below TCAS inhibits at! RAs and AURALs 

Thresholds for Logic Versions 6.04 and 6.04a 

1     Bradley, Suzanne, "Simulation Test and Evaluation of TCAS II Logic Version 6.04." The MITRE 
Corporation, McLean, VA, MTR 92W00O0103, July 1992. 
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APPENDIX I 

PERFORMANCE STATISTICS OUTPUTS 
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MITRE encounter classes:  0,10     Date processed:  6/23/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view. :   3012 
Total incorrectly labelled RAs :   12 

Class 0 TCAS - TCAS Both Responding 

RAs/ 
runs (%) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs     (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

6-02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

I        i        I        I        I        | 
100.001   100.001   100.001   100.001   100.001   100.001 

0.001 0.001 
I 

0.001 0.001 0.001 0.001 

I I 
o.ooi        o.ooi 

I I I I 
o.ooi o.ooi o.ooi o.ooi 

o.ooi        o.ooi        o.ooi        o.ooi o.ooi        o.ooi 

I I I I I I 
o.ooi        o.ooi        o.ooi        o.ooi o.ooi o.ooi 

I I I 
o.ooi o.ooi o.ooi 0.001 o.ooi o.ooi 

I I I- I I I 
25.751    22.751    22.751    25.751    25.751    22.751 

" I I I I | 
734.391   662.251   662.251   710.461   710.461   662.251 

Class 10 TCAS - TCAS Both Responding 

RAs/ 
runs (%) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
(*) runs 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs     (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

6-02   I  6-04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

" I I I I I 
90.841    63.641    63.64|    75.911    75.911    63.64| 

I I I 
o.ooi        o.ooi        o.ooi 

I 
0.001 

I I 
o.ooi        o.ooi 

I I I I I I 
o.ooi        o.ooi        o.ooi o.ooi o.ooi o.ooi 

I I I I I I 
o.ooi        o.ooi        o.ooi o.ooi o.ooi o.ooi 

II I 
o.ooi        o.ooi o.ooi 0.001 o.ooi 

I 
O.OOI 

o.ooi 0.001 
I I I I 

o.ooi o.ooi o.ooi o.ooi 

I I I I I I 
22.501    20.761    20.761    22.87|    22.87|    20.761 

I 
747.131   672.111   672.11|   720.531   720.531   672.111 

*^ NMACs and average alt. sep. at CPA are based on simulation truth 
Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  1,11    Date processed:  6/23/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view :   9044 
Total incorrectly labelled RAs :   28 

class      1       TCAS - TCAS Both Responding 

1  6.02   |  6.04   |  6.04A  |  6.02/1  6.02/1 
1  only   |  only   |  only   |   6.04  |   6.04A | 

6.04 / 
6.04A 

RAs/ 
runs (%) 1 

1 
100.001 

1 
96.281 

1 
96.281 

1 
96.281 

1 
96.411 

1 
96.281 

Crossing 
RAs 

RAs/l 
(%)l 

1 
5.851 

1 
12.431 

1 
9.251 

1 
13.401 

1 
9.52| 

1 
10.841 

Crossing 
runs 

RAs/l 

(%)l 
1 

5.851 
1 

11.971 
1 

8.91 i 
1 

12.901 
1 

9.181 
1 

10.441 

Cr. RA NMACs/l 
cross RAs (%)| 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

Cr. RA NMACs/l 
NMACs*    (%)| 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

NMACs*/ 
runs (*)l 

1 
0.001 

1 
0.001 

1 
0.001 

1 
17.141 

1 
0.001 

1 
20.781 

1 
0.001 

1 
21.201 

1 
0.001 

1 
16.881 

Avg warning  | 
time**  (sec)| 

1 
22.621 

1 
16.701 

Avg alt 
at CPA* 

sep  | 
(ft) I 

1 
929.101 

1 
758.811 

1 
763.201 

1 
845.151 

1 
845.881 

1 
760.821 

Class 

1  6.02   | 
1  only   | 

11 

6.04   | 
only   | 

TCAS - TCAS 

6.04A  |  6 
only   | 

Both Responding 

.02/1  6.02/1 
6.04  |   6.04A | 

6.04 / 
6.04A 

RAs/        | 
runs     (%) | 

Crossing RAs/| 
RAs      (%) | 

1 
100.001 

1 
59.381 

1 
59.381 

1 
74.901 

1 
74.901 

1 
59.381 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

Crossing RAs/| 
runs     (%)| 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

Cr. RA NMACs/l 
cross RAs (%)I 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

Cr. RA NMACs/l 
NMACs*    (%)| 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

NMACs*/ 
runs 

1 
(*) 1 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

1 
0.001 

Avg warn 
time** 

ing  | 
(sec)| 

1 
14.47| 

1 
10.761 

1 
10.761 

1 
13.951 

1 
13.951 

1 
10.761 

Avg alt 
at CPA* 

sep  | 
(ft) I 

1 
737.531 

1 
666.191 

1 
666.191 

1 
707.561 

1 
707.561 

1 
666.191 

* NMACs and ave 
** Average warni 

rage alt. sep. at CPA are based 
ng time includes negative times 
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MITRE encounter classes:  2,12    Date processed:  6/23/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view : 108424 
Total incorrectly labelled RAs :   440 

class      2       TCAS - TCAS Both Responding 

I  6.02   |  6.04   |  6.04A  |  6.02/1  6.02/1  6 04 / 
I  only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

***' ' I I I I | | 
runs     (%)|   100.001    99.451    99.451    98.901    98.901    99.45| 

Crossing RAs/| I I        I        I        I 
^f <*>! 0.511 2.281 2.321     0.531     0.53| 

Crossing RAs/| | |        | 
runs 

2.301 

<*>' 0-511 2.27| 2.311 0.531 0.53| 2.29| 

Cr. RA NMACs/|         ' I         I         I        7 
cross RAs (%)|  0.001 1.13| 1.11|    0.00|    0.001 

Cr. RA NMACs/l         | |         . 
NMACs* 

1.12| 

> I I (%>l 0-001 1.751 1.751 0.001 0.00| 1.75| 

NMACs*/     | |        | | 
runs (%>I     0-311     1.461     1.461     0.491     0.49| 1.461 

Avg warning  I        I        I | | i , 
time**  (sec) | 19^ 15.88| 15.891 18.351 18.351 15.881 

Avg alt sep  |        |        | , ~~7 7 " 
at CPA*  <ft>'   691-501   607.191 607.171 651.611 651.611 607.181 

Class     12 TCAS - TCAS Both Responding 

RAs/        |        | 
runs 

!  6-02   I  6-04   |  6.04A  |  6.02 / |  6.02 / |  6 04 / 
I  only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

I 
Wl    99.951    73.581    73.581    85.241    85.241    73.581 

Crossing RAs/|        |        |        (        . 

^f W_[ °_iZ_8_[ O^3^ 0:38 |- 0.331 0.331 0.38| 
Crossing RAs/|        |        | 
runs I I I (%)' 0^     0^.281             0.281 0.291 0.29| 0.28| 

Cr.   RA NMACs/l                        |                       |                        | 7 "          j " 
«oss^RAaJft H (K001 ^331 8.33| 0.00| 0.00| 8.33| 

Cr. RA NMACS/I          |          |          | 7 7 ~ 
^s* «>JI 0:00^ 50.001 50.001 0.001 0.00| 50.001 

NMACs*/      |         |        ",         ~ 7 - - 

™f [ll[ -J^OOI 0-051     0.051 0.001 0.001 0.05| 

Avg warning  I         |        |         | ~7 7 7 

__-!ll_i!!!ll ":!ül ":"L   15-101 16-671 16-67' 15-10! 
Avg alt sep  |        |        (        , j " ~ 

Ü^Ufüil !!!:!?! 732.041   732.041 768.7n 768.711   732.04! 

^ NMACs and average alt. sep. at CPA are based on simulätiön~trüth 
Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  3,13    Date processed:  6/21/94 
Based on FAA Technical Center data of: 6/20-/94 
Total TCAS-TCAS runs for both points of view : 139726 
Total incorrectly labelled RAs :   242 

Class 

6.02 
only 

RAs/ 
runs (%) 

Crossing RAs/ 
PA?      (%) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs     (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

3       TCAS - TCAS Both Responding 

6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
only   |  only   |   6.04  |   6.04A |   6.04A 

I 

I I I I | 
0.001 0.001 0.001 o.ooi 0.001 

I 

■ till 
83.481    70.751    70.751    77 49|    77.491    70.751 

1        I I        I I        I 
11.861    13.361    10.721    13.701    10.951    12.04| 

I I I II | 
9.901 9.451 7.581 10.62| 8.48| 8.521 

I I I I | | 
°-°°l 0.001 0.001 0.001 0.001 0.001 

0.001 

1 I 'III 
o.ooi        o.ooi        o.ooi        o.ooi o.ooi        o.ooi 

1 I I I I I 
17.981    16.701    17.07|    17.701    18.021    16.821 

•        I I        I 
798.991   720.501   728.551   765.501   770.361   721.871 

Class 13 

RAs/ 
runs (*) 

Crossing RAs/ 
RAs      (*) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs (%) 

Avg warning 
time**  (sec) 

TCAS - TCAS Both Responding 

6.02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6 04 / 
only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

I 

I 

I 

1        I I        I        I        I 
76.721    59.201    59.351    69.91|    70.051    59.221 

I 
15.861    19.231    14.521    17.761    14.871    16.82! 

I I I I I 
12.171 11.391 8.621 12.41| 10.42| 9.96| 

1 I I I I I 
0.001 3.99| 1.001 1.401 0.83| 2.28| 

1 I I I I 
0.001  100.001  100.001  100.001  100.001  100.001 

I I 
0.001     0.451 0.091 

I I I 
0.17| 0.091 0.231 

1        ' I        I        I        I 
21.851    19.941    20.27|    21.501    21.731    20.031 

Avg alt sep 
at CPA*  (ft) 

I I 
_!!*:I°1 844-26|   867.881   905.311   919.881   853.031 

^ NMACs and average alt. sep. at CPA are based on simulatiöntrüth 
Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  4,14     Date processed:  6/23/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view :  18144 
Total incorrectly labelled RAs :    0 

Class      4       TCAS - TCAS Both Responding 

I  6-02   I  6.04   |  6.04A  |  6.02 / |  6.02 / |  6 04 / 
I  only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

RAs/                     ,                     |                     , , III 
f™f [HI l0_°_^°_l 96-771 96.84 1 95.951          96.051          96.701 

Crossing RAs/|        '        I i I        7        7 

^f IIH__    22-87 1    17.391 7.661 18.611    15.411    11.93! 

Crossing RAs/|        |        | 
runs I        I (%)'    22.87|    16.831     7.42|    17.861    14.801    11.54] 

Cr. RA NMACs/l |        | ( , _        ~ 
cross **«  <*>• o-ooi 0.001    0.001    0.001    0.001    0.001 

Cr. RA NMACs/| | | 
NMACs (*)l        0.001        0.001        0.001 0.001        0.001 0.001 

NMACs*/     I I I I I 1        , 

™f ™_l 0^ °'°°'___ _°.-001   °-001   °-00'   0.001 
Avg warning  I        I        |        1 

I        I        I 
!^ÜÜ!_JÜÜJ. 23-59'    19-54l    19.871    22.401    22.641    19.691 
Avg alt sep  |        | 

at CPA*  (ft)I  1081.051   942.17|   948.611  1018.661  1023.711   943.611 

Class     14 TCAS - TCAS Both Responding 

I  6-02   I  6.04   I  6.04A  |  6.02 / |  6.02 / |  6.04 / 
I  only   I  only   |  only   |   6.04  |   6.04A |   6.04A 

**"'                   '        I        I        I        I        1       7 runs      d} 1    Q/i OQi    co c-71    ,-« ,--.     _ ' ' 1 runs (%)l    94.291    68.57|    68.57|    77.591    77.591 68.571 
Crossing RAs/|                      '                      I                      I I 1                      1 
^f WJ_ 9-09' 10^421 10^421 11.051 11.051          10.42| 
Crossing RAs/|                      |                      |                      ( ~ ~ 
f ™f ^| 8_fH 7:14^I 7:14 I 8.571 8.57 |            7 .14 | 
Cr.   RA NMACs/l I 1 

I I 
üfZÜÜ^LÜH °_;°°L    °-001      0-001      °-00'      o-ooi 
Cr. RA NMACs/I I 1 
NMACs* 

0.001 

I I I 
HH °-001        °-001        0-ooi        0.001        0.001        o.ooi 

NMACs*/      I I I I 
runs <*>l     0.001    0.001     0.001     0.001    0.001 

I I I 
0.001 

Avg warning  '         I         I         | 1         . 

"ü!ll.Jü!ll ":"! _ 14:?!1__ _x!:3!' 17-301     17-3°i    14.34! 
Avg alt sep  I         |        ,        ~ ~~~~        "        ~ 

!-~™_J!!il___!!?:^'   709:!31   709-931 788-051    788-05!   709.93! 
^ NMACs and average alt. sep. at CPA are based on~simüla~7iön~trüth 

Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  5,15    Date processed:  6/21/94 
Based on FAA Technical Center data of-  6/20/94 
Total TCAS-TCAS runs for both points of view - 217 624 
Total incorrectly labelled RAs :   104 

Class TCAS - TCAS Both Responding 

'  6*02   I  6-04   I  6.04A  |  6.02 / |  6.02 / |  6 04 / 
I  only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

RAs/ 
runs 

Crossing RAs/| 
RAs      (%)| 

Crossing RAs/| 
runs     (%)| 

(%)l 99.641 95.941 95.911 97.451 97.44| 

Cr. RA NMACs/l 
NMACs* 

NMACs*/ 
runs (%) 

Avg warning  | 

I ■ill 5-C4" 8-471 5.391 7.311 5.03| 

1 I I I | 
5-82l 8-121 5.171 7.121 4.901 

I 

I 

' I I | 
0.04| 0.291 0.29| 0.091 

I 

Avg alt sep 

I 
95.921 

I 
6.831 

I 
6.55| 

Cr.   RA NMACs/| I I I I 
cross RAs   (*) | 0.0CH 0.07| 0.11! o.Oo! 0.0o| O.Osi 

WÄC8! <*>'        o-ooi        1.92!        1.92!        0.00!        0.00!        1. 92| 

I I 
0-091 0.291 

time**     (sec)| 19.031 16.341 16.49| 17.97! 18.Ill i<        ' 16.381 

atCPA*  (ft)I   875.881   758.081   759.261   818.201   819.821   758.42 i 

Class 15 TCAS - TCAS Both Responding 

6.02   | 
only   | 

6.04   | 
only   | 

6.04A  | 
only   | 

6.02 / | 
6.04  | 

6.02 / | 
6.04A | 

6.04 / 
6.04A 

RAs/         | 
runs     (%) | 

1 
95.87 1 

1 
73.581 

1 
73.151 

1 
82.731 

1 
82.561 

1 
73.331 

Crossing RAs/| 
RAs      (%) | 

1 
7.651 

1 
12.101 

1 
8.74| 

1 
10.741 

1 
8.07| 

1 
10.031 

Crossing RAs/| 
runs     (%) | 

1 
7.331 

1 
8.911 

1 
6.391 

1 
8.891 

1 
2.801 

1 
6.67| 

1 
1.24| 

1 
7.351 

Cr. RA NMACs/| 
cross RAs (%)| 

1 
0.001 

1 
7.241 

1 
6.461 1 

7.87| 
Cr. RA NMACs/| 
NMACs*    (%)| 

1 
0.001 

1 
69.641 

1 
59.521 

1 
71.431 

1 
45.451 

1 
0.181 

1 
67.311 

NMACs*/      | 
runs     (%)| 

1 
0.001 

1 
0.931 

1 
0.691 

1 
0.351 

1 
0.861 

Avg warning  | 
time**  (sec)| 

1 
17.201 

1 
14.391 

1 
14.521 

1 
16.841 

1 
16.94! 

1 

at CPA*  (ft)| 
1 

942.151 
1 

787.741 
1 

808.4fil 
1 

R"7/l etc.  1 
1 1 

" AvtraarlaVera9ealt- ^ at CPA are based on simulation!ruth _" Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  6,16    Date processed:  6/24/94 
Based on FAA Technical Center data of: 6/20/94 
Total TCAS-TCAS runs for both points of view : 216175 
Total incorrectly labelled RAs :  1553 

Class      6       TCAS - TCAS Both Responding 

I  6.02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
I  only  |  only   |  only   I   6.04  |   6.04A |   6.04A 

RAs/        I        I        I        I        I        I        I 
runs     (%)|   99.911    94.761    94.981    97.031   96.74|   94.331 

Crossing RAs/I I 1 I | | | 
RAs      (%)| 26.351 21.561 17.451 24.581 22.201 19.301 

Crossing RAs/I I I I | | | 
runs     (%)| 26.331 20.431 16.581 23.851 21.47| 18.201 

Cr. RA NMACs/l I I I | | | 
cross RAs (%)|    1.001    2.58|    0.63|    1.41|    0.73|    1.191 

Cr. RA NMACs/l        I        I        I        I        I        | 
NMACs*    (%)|    85.711    73.851    36.54|    79.221    61.96!    50.001 

NMACs*/      I I I I I I | 
runs     (%)|    0.311     0.71|     0.29|     0.42|     0.25|     0.43| 

Avg warning  I        I        I        I        I        |        | 
time**  (sec)|   20.001   17.331    18.381    18.991    19.67|   17.831 

Avg alt sep  |       | | |        |        |        ( 

at CPA*  (ft) |   899.641 791.561 850.601   850.951   883.071   817.921 

Class 16 TCAS - TCAS Both Responding 

I  6.02   | 6.04   | 6.04A  |  6.02 / |  6.02 / |  6.04 / 
I  only   | only   | only   |   6.04  |   6.04A |   6.04A 

RAs/         | 
runs     (%)| 

1 
99.261 

1 
77.951 

1 
77.931 

1 
88.721 

i 
88.651 

1 
77.881 

Crossing RAs/| 
RAs      (%) | 

1 
29.781 

1 
24.031 

1 
13.501 

1 
28.221 

1 
23.081 

1 
18.561 

Crossing RAs/| 
runs     (%)| 

1 
29.561 

1 
18.731 

1 
10.521 

1 
25.041 

1 
20.461 

1 
14.461 

Cr. RA NMACs/l 
cross RAs (%)| 

1 
1.701 

1 
4.161 

1 
0.331 

1 
2.111 

1 
1.081 

1 
1.621 

Cr. RA NMACs/l 
NMACs*    (%)| 

1 
100.001 

1 
100.001 

1 
100.001 

1 
100.001 

1 
100.001 

1 
100.001 

NMACs*/      | 
runs     (%)| 

1 
0.501 

1 
0.781 

1 
0.031 

1 
0.531 

1 
0.221 

1 
0.231 

Avg warning  | 
time**  (sec)| 

1 
17.911 

1 
18.47 1 

1 
18.931 

1 
18.67 1 

1 
18.841 

1 
18.611 

Avg alt sep  | 
at CPA*  (ft)| 

1 
819.831 

1 
794.061 

1 
859.771 

1 
813.451 

1 
849.561 

1 
823.151 

*  NMACs and average alt. sep. at CPA are based on simulation truth 
** Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  7,17    Date processed:  6/25/94 
Based on FAA Technical Center data of: 6/20/94 
Total TCAS-TCAS runs for both points of view • 325998 
Total incorrectly labelled RAs :  594 

Class TCAS - TCAS Both Responding 

RAs/ 
runs (%) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs     (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

6-02   I  6-04   I  6.04A  |  6.02 / |  6.02 / |  6.04 / 
only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

I I I I I | 
99.931    99.321    99.32|    99.241    99.24|    99.32| 

I I I I | 
1-501 3.95| 3.201 1.90| 1.671 3.561 

1 I I I I I 
1.501 3.931 3.181 1.891 1.65| 3.541 

1 I I I I I 
0.001 0.311 0.381 0.001 0.00| 0.34| 

1 I I I I I 
0.001 0.77| 0.751 0.001 0.00| 0.76| 

■III 
0.781 1.57| 1.611 1.081 

I 
1.091 

I 
1.591 

1 I I I I I 
17.521    14.791    14.771    16.631    16.621    14.781 

1 I I I I I 
714.391   616.331   616.191   673.691   673.47|   616.261 

Class 17 

RAs/ 
runs (*) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (*) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs     (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

TCAS - TCAS Both Responding 

6-02   I  6-04   |  6.04A  |  6.02 / |  6.02 / 
only   |  only   |  only   |   6.04  |   6.04A 

■        I I I 
95.981    71.94|    71.94|    83.401    83.38 

I I I I 
1-171     2.091     1.99|     i.61|     1.58 

I I I 
1.121     1.501     1.431 1.34| 1.31 

I I I I 
7.751 23.981 16.561 7.19| 6.67 

I I I I 
100.001 97.621 96.431        100.001        100.00 

I I I I 
0-091 0.37| 0.25) 0.10| 0.09 

I I I I 
17.931 16.081 16.081 18.111 18.11 

I 
982.941   856.351   857.001   939.911   940.Of 

6.04 / 
6.04A 

I 
71.941 

I 
2.041 

I 
1.471 

I 
19.161 

I 
96.97| 

I 
0.291 

1 
16.081 

856.701 

*^ NMACs and average alt. sep. at CPA are based on simulation truth 
Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  8,18    Date processed:  6/25/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view : 323036 
Total incorrectly labelled RAs :  3556 

Class 8 

RAs/ 
runs (%) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
runs     (*) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

TCAS - TCAS Both Responding 

6.02        |      6.04        |      6.04A     |      6.02/1      6.02/1      6.04   / 
only       |     only       |     only       |        6.04     |        6.04A   |       6.04A 

I 
99.191 94.771 

I 
7.94| 

I 
11.97 1 

7.87| 11.341 

I 
0.001 

I 
1.611 

0.001 9.911 

I 
0.301 

I 
1.851 

I 
17.971 

I 
15.491 

95.04 1 
I 

96.921 

I 
8.781 8.841 

8.341 

I 
0.77| 

I 
3.71| 

8.57| 

0.651 

6.22 

1.721 
I 

0.901 

I 
16.001 

I 
17.201 

I        I I 
831.941   705.381   730.371 

96.961 

I 
7.451 

7.221 

I 
0.691 

I 
5.581 

0.89| 

I 
17.461 

I 
94.821 

I 
10.631 

10.08J 

1.291 

7.24| 

I 
1.791 

I 
15.691 

I I I 
777.251        786.481        712.751 

Class 18 TCAS - TCAS Both Responding 

RAs/ 
runs (%) 

Crossing RAs/ 
RAs      (%) 

Crossing RAs/ 
runs     (%) 

Cr. RA NMACs/ 
cross RAs (%) 

Cr. RA NMACs/ 
NMACs*    (%) 

NMACs*/ 
runs      (%) 

Avg warning 
time**  (sec) 

Avg alt sep 
at CPA*  (ft) 

6.02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
only   | only   |  only   |   6.04  |   6.04A |   6.04A 

I        I        I I I        I 
98.391    79.491    79.02|    88.32|   88.291   79.161 

I I I 
1.971 3.101 2.331 

I I I I I I 
13.171    17.281    11.161    15.391    12.32|    13.931 

•        I        I I I        I 
12.961    13.731     8.82|    13.591    10.881    11.02| 

I I I 
2.52|     1.58|     2.991 

I I I I I 1 
100.001    80.701    66.67|    88.101    75.511    74.74| 

I I I I I I 
0.261 0.531 0.311 0.391 0.23| 0.44| 

I        I I I I        I 
16.741    15.721    16.331    17.011    17.24|    15.881 

I I I I I        I 
905.741   787.221   840.981   859.261   883.201   809.621 

NMACs and average alt. sep. at CPA are based on simulation truth 
Average warning time includes negative times (ie, RA occurs after CPA) 
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MITRE encounter classes:  9,19    Date processed:  6/23/94 
Based on FAA Technical Center data of:  6/20/94 
Total TCAS-TCAS runs for both points of view : 279616 
Total incorrectly labelled RAs :   320 

Class      9       TCAS - TCAS Both Responding 

I  6.02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
I  only   |  only   |  only   |   6.04  |   6.04A |   6.04A 

RAs/        I        I        I        I        I        I        | 
runs      (%)|    82.911    70.54|    73.411    77.331    78.121    70.81| 

Crossing RAs/|        >        I        1        I        I        | 
RAs       (%)|    29.501    24.841    29.341    27.231    31.661    27.331 

Crossing RAs/|        |        |        |        |        |        | 
runs      (%) |    24.461    17.521    21.531    21.061    24.731    19.35| 

Cr. RA NMACs/l        I        I I        I        I        | 
cross RAs (%)|     0.031     0.70|     0.97|     0.05|     0.13|    0.67| 

Cr. RA NMACs/l I I I I I | 
NMACs*    (%)|    50.001    56.671    82.86|    37.501    90.001    69.231 

NMACs*/ 1 1 1 1 
runs (%) 1 0.011 0.221 0.251 

I I I 
0.031 0.041 0.191 

Avg warning     I I I I I | | 
time**     (sec)I 17.341 15.71| 17.801 16.87| 18.301 16.75| 

Avg alt sep    I I | II I | 
at CPA*     (ft)|        843.441        750.351        809.601        806.891        852.211        783.27| 

Class     19       TCAS - TCAS Both Responding 

I  6.02   |  6.04   |  6.04A  |  6.02 / |  6.02 / |  6.04 / 
I  only   i  only   |  only   |   6.04  |   6.04A |   6.04A 

RAs/        |        |        |        |        |.|        | 
runs      (%) |    84.761    71.04|    70.591    79.991    79.71|    70.661 

Crossing RAs/I        I        I        I        I        I        | 
RAs       (*>I    39.681    32.951    22.94|    35.841    32.191    28.92| 

Crossing RAs/I        I        I        I        I        I        | 
runs      (%)|    33.631    23.411    16.191    28.67|    25.661    20.431 

Cr. RA NMACs/l > I I I I | 
cross RAs (%) | 6.831 11.581 2.52| 8.47| 5.421 7.901 

Cr. RA NMACs/l I I I I I | 
NMACs*    (%) | 100.001 100.001 100.001 100.001 99.581 99.641 

NMACs*/      I I I I I I | 
runs     (%)|    2.301    2.71|    0.41|     2.43|     1.401     1.62| 

Avg warning  I        I        I         I |        |        | 
time**  (sec)|   21.701   19.801    20.681 21.311    21.821    20.201 

Avg alt sep  |        |        |        | |        |        , 
at CPA*  (ft)|   937.481   863.741   970.62| 917.051   972.811   911.84| 

*  NMACs and average alt. sep. at CPA are based on simulation truth 
** Average warning time includes negative times (ie, RA occurs after CPA) 
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APPENDIX J 

NMACS UNIQUE TO VERSION 6.04A 
TABLES 7.4 AND 9.4 

1. TABLE 7.4 NMACS 

The plot in Figure J-l is representative of the Class 7 encounters in which version 6.04a 
induces an NMAC and version 6.04 resolves the encounter. The plot shows Aircraft 1 and 
Aircraft 2 performance when both are 6.04a-equipped. The associated encounter summaries for 
versions 6.02, 6.04, and 6.04a are given in Figure J-2. 

This encounter is an example of 6.04a modification 2, described in Section 4.1. Here, 
Aircraft 1 is the first to detect the threat, selecting a crossing RA against Aircraft 2. However, the 
altitude separation test comes into play, holding off Aircraft l's issuance of a crossing RA until the 
aircraft are within 600 feet. Meanwhile, Aircraft 2, seeing the geometry slightly differently, selects 
and communicates a non-crossing RA to Aircraft 1. Aircraft 1 must comply with the received 
intent and thus also selects a non-crossing RA. The real problem is that the non-crossing RA is not 
a good choice. By the time that Aircraft 2 can respond to the RA, it has already achieved a 
substantial climb rate toward Aircraft 1 and cannot arrest its rate in time to achieve separation in the 
opposite direction. 

In contrast, with the version 6.04 logic, there is nothing to hold off Aircraft l's original 
selection of the crossing RA. Here, the crossing RA is consistent with and reinforces the strong 
maneuver being executed by Aircraft 2, and adequate separation can be achieved. 

As stated in Section 5.2.2, although this encounter is technically labeled an induced NMAC 
with 6.04a, the encounter without TCAS (separation of 250 feet) is hardly benign. Both aircraft 
are flying level, separated by less than 1000 feet. Twenty seconds before closest approach, the 
lower aircraft suddenly accelerates strongly and climbs through the other aircraft's altitude. This is 
not an encounter that would occur deliberately in the airspace. By delaying issuing the crossing 
RA, the 6.04a logic is betting that the lower aircraft is more likely to level-off than to cross through 
the higher aircraft's altitude. Although that is not true for this encounter, it is still generally 
considered the proper choice. 

2. TABLE 9.4 NMACS 

The plot in Figure J-3 is representative of the Class 9 encounters in which version 6.04a 
induces an NMAC and version 6.04 resolves the encounter. The plot shows Aircraft 1 and 
Aircraft 2 performance when both are 6.04a-equipped. The associated encounter summaries for 
versions 6.02, 6.04, and 6.04a are given in Figure J-4. 

This encounter is similar to the Seattle encounter, except that the aircraft plan to level-off 
250 feet apart, instead of 1000 feet. Here again, the 6.04a modification 2 comes into play, with 
both aircraft selecting crossing RAs and the altitude separation test causing the RAs to be deferred 
until the aircraft come within 850 feet In all three versions of the logic, crossing RAs are selected. 
In versions 6.02 and 6.04, however, the altitude separation test does not apply in this geometry; 
thus, there is no deferral of the RA, and the extra time allows the aircraft to achieve adequate 
vertical separation. In version 6.04a, the RA simply comes too late to be effective. Again (as in 
the Table 7.4 example above), by delaying issuing the crossing RA, the 6.04a logic is betting that 
the lower aircraft will level-off at least 1000 feet below the higher aircraft. Although that is not true 
for this encounter, it is still generally considered the proper choice. 

One item of note for the version 6.04a logic in this encounter is the long interval between 
the appearance of the potential RA (time=34 seconds for both aircraft) and the issuance of the RA 
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rtime-49 and 51 seconds for Aircraft 2 and 1, respectively). This is due to a sensitivity level 
rlZZl Ae middle Tthe encounter. Both aircraft detect a threat at time=34 seconds, but while 
toRAS being ^SS^Sr hdefcr display (coordination), Aircraft 2: altitude separation 
testf to"sSSSS drops from 5 to 4, thereby increasing the threat detection thresholds. The 
^£Eta3£ffi> TA for both aircraft. ^»^^^SS Se 
at time=40 seconds for both aircraft, but the issuance of the RAs is then ^^^f*JÄ 
separation test. Note that there is a proposal for the Change 7 TCAS logic to not allow the 
sensitivity level to change during an encounter. 
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APPENDIX K 

CLASS WEIGHTS* 

Class Weight 

1 0.0197 
2 0.0004 
3 0.0033 
4 0.0145 
5 0.0025 
6 0.0029 
7 0.0002 
8 0.0005 
9 0.0001 

10+0 0.3973 
11 0.1929 
12 0.0759 
13 0.1081 
14 0.1167 
15 0.0205 
16 0.0256 
17 0.0019 
18 0.0094 
19 0.0074 

Total: 1.0000 

McLaughlin, M.P. and A.D. Zeitlin, "Safety Study of TCAS II for Logic Version 6.04a." The MITRE 
Corporation, McLean, VA, MTR 93W0000234, November 1993. 
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APPENDIX L 

30 REPRESENTATIVE NMAC ENCOUNTERS 
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19 Jul 1994 

TOTAL 6.04a NMACs AND CHARACTERISTIC 6.04a NMAC GROUPS PER CLASS AND TABLE 
(Table 3 - Unresolved NMACa;  Table 4 - Induced NMACs) 

Characteristic     NMACs  % of 
Cls Tbl   Data File and REIT  in Grp  Tbl 

NMACs    # of     % of 
in Tbl    Enc.     Enc. 

0 3 Total NMACs for Table= 

0 4 Total NMACs for Table= 

1 3 Total NMACs for Table= 

1 4 Total NMACs for Table= 

2 3     Total NMACs for Table= 
LL212OZL.605   0123     5 

2 4     Total NMACs for Table= 
LL212OZL.605   1196    52 

3 3    Total NMACs for Table= 

3 4     Total NMACs for Table= 

4 3     Total NMACs for Table= 

4 4     Total NMACs for Table= 

5 3     Total NMACs for Table= 

5 4     Total NMACs for Table= 
LL515WZL.605 1006 5 
LL515WZL.605 1195 4 
LL515WZL.605   1952    17 

6 3     Total NMACs for Table= 
LL616WZL.605 0081 4 
LL616WZL.605   5863    10 

6 4     Total NMACs for Table= 
LL616WZL.605   4612    12 

7 3     Total NMACs for Table= 
LL717XZL.605   2538     4 

7 4     Total NMACs for Table= 
LL717XZL.605 2014 5 
LL717XZL.605   8982   191 

8 3     Total NMACs for Table= 
LL818YZL.605 0641 4 
LL818YZL.605 7305 7 
LL8181TZL.605   8712    19 

8   4     Total NMACs for Table= 
LL818YZL.605   1385    27 
LL818YZL.605   2655   152 
LL818YZL.605   3615     4 
LL818YZH.605   4970     5 

0 16 0.0 

0 20 0.0 

0 72 0.0 

0 304 0.0 

5 864 0.58% 
100.0% 

52 3032 1.72% 
100.0% 

0 736 0.0 

0 2416 0.0 

0 120 0.0 

0 608 0.0 

0 1580 0.0 

26 7488 0.35% 
19.2% 
15.4% 
65.4% 

14 1728 0.81% 
28.6% 
71.4% 

100.0 

100.0 

2.6% 
97.4% 

13.3% 
23.3% 
63.3% 

14.4% 
80.9% 
2.1% 
2.7% 

12 

196 

30 

188 

7384 

2416 

9988 

2592 

10044 

0.16% 

0.17% 

1.96% 

1.16% 

1.87% 
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ClB Tbl 
Characteristic     NMACs 

Data File and REIT  in Grp 
% of 
Tbl 

NMACB 
in Tbl 

# of 
Enc. 

% of 
Enc. 

9 3 Total NMACs for Table= 0 1158 0.0 

9 4 Total NMACs 
LL919YZH.605 
LL919YZH.605 

for Table= 
1509    14 
3523     4 

77.8% 
22.2% 

18 5808 0.31% 

10 3 Total NMACs for Table= 0 8 0.0 

10 4 Total NMACB for Table= 0 124 0.0 

11 3 Total NMACs for Table= 0 0 0.0 

11 4 Total NMACs for Table= 0 128 0.0 

12 3 Total NMACs for Table= 0 0 0.0 

12 4 Total NMACs 
LL212OZL.605 

for Table= 
1421    1 100.0 

1 2152 0.05% 

13 3 Total NMACs for Table= 0 128 0.0 

13 4 Total NMACs 
LL313SZL.605 

for Table= 
1614     4 100.0 

4 4496 0.09% 

14 3 Total NMACs for Table= 0 24 0.0 

14 4 Total NMACs for Table= 0 256 0.0 

15 3 Total NMACs for Table= 0 148 0.0 

15 4 Total NMACs 
LL515WZL.605 
LL515WZL.605 

for Table= 
4283    18 
5543     3 

85.7% 
14.3% 

21 2880 0.73% 

16 3 Total NMACs for Table= 0 0 0.0 

16 4 Total NMACs 
LL616WZL.605 

for Table= 
2491     1 100.0 

1 2984 0.03% 

17 3 Total NMACs for Table= 0 176 0.0 

17 4 Total NMACs 
LL717XZL-605 

for Table= 
2732 .  14 100.0 

14 5564 0.25% 

18 3 Total NMACs for Table= 0 0 0.0 

18 4 Total NMACs 
LL818YZL.605 
IX818YZH.605 

for Table= 
1520    12 
3978     5 

70.6% 
29.4% 

17 5508 0.31% 

19 3 Total NMACs for Table= 0 570 0.0 

19 4 Total NMACB 
LL919YZH.605 
LL919YZH.605 

for Table= 
2883    11 
7162    25 

30.6% 
69.4% 

36 8016 0.45% 

TOTAL 639 
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APPENDIX M 

MINUTES OF 24 AUGUST 1994 NMAC REVIEW MEETING 

I. Overview 

A meeting was held at Lincoln Laboratory on 24 August 1994 to review the CAS 
version 6.04A NMACs. An attendance list is given on page 3. Agenda items included: 

(1) a review of Lincoln's 30 "representative NMACS," i.e., TCAS-TCAS 
simulated encounters in which both aircraft were TCAS-equipped (6.04A), 
both pilots responded properly, and yet the vertical separation at closest 
approach was less than 100 ft. 

(2) a review of FAA Technical Centers 13 failure mechanisms, i.e., the primary 
logic mechanisms underlying the TCAS-TCAS NMACs. 

(3) a discussion of how to develop a class of encounters that would include known 
TCAS "events." This would include aircraft overshooting their altitude 
clearances (two aircraft accelerations instead of just one). 

Most of the meeting was devoted to item 1. Item 2 was also completed. Item 3 
was essentially not addressed. 

II. Agenda Item 1 

For each of the 30 NMACs, we attempted to answer the following questions: 

(1) Did we understand the NMAC? What caused it? Was there anything about the 
logic performance that we could not explain or that seemed wrong? Were we 
satisfied with the trade-offs made by the logic? 

(2) How frequently did we expect this encounter to occur in the airspace? Would 
it occur only as a result of some breakdown or error in the system, or would it 
be something that controllers would do on a regular basis? 

(3) Would this encounter be affected by any of the version 7 changes? Might the 
problems go away with version 7? 

We flagged encounters that we did not understand and encounters that could occur 
frequently. Encounters were considered somewhat less urgent if they would be improved 
by version 7. Version 7 improvements could come from the following: better tracker 
(faster detection of maneuvers), elimination of coordination delay (earlier posting of RA - 
earlier pilot response and less time for aircraft contrary motion), TCAS-TCAS reversals, 
and immediate posting of a crossing RA in both aircraft if a crossing RA is selected by one 
aircraft. 
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Comments on specific encounters: 

Class 515. reit 1195. The question was raised about the likelihood of an aircraft going to 
5000 fpm from level flight at low altitude. The group felt that high rate climb-outs from 
busy airports are likely. Also, these rates could occur with crossing restrictions, i.e., when 
an aircraft has to be above or below a set altitude by a certain distance. See action item 6. 

Class 616. reit 5863. This would be a good encounter to check the effect of the 25ft 
tracker. 

Class 717. reit 2538. (Ref CRF 176) The comment was made that with version 7 neither 
aircraft would issue an RA. Both aircraft would remain yellow TAs even though both 
would clearly be threats. We agreed that this needs further thought. This same idea was 
rejected some years ago because it essentially communicated false information (that the 
intruder was not a threat) to the pilot, perhaps preventing the aircraft from making some 
last-minute saving maneuver (a turn?). 

Class 717. reit 8982. A suggestion was made to trigger the TCAS-TCAS reversal logic 
when TCAS detects an intruder acceleration during own's pilot response delay period. 

Class 818. reit 3615. (Ref CRF 139) This will exercise the new logic that immediately 
issues a crossing RA in both aircraft when a crossing is issued in one aircraft (Or it could 
exercise the TCAS-TCAS reversal logic.) This would be a good encounter to check the 
balance between early crossings for both aircraft vs. a TCAS-TCAS reversal. 

Class 818. reit 4970. (Ref CRF 205) See action item 2. 

Class 515. reit 4283. See action item 1. 

Class 515. reit 5543. SL3 is not adequate to handle the high vertical rates we are using. 
See action item 6. 

Class 818. reit 1520. See action item 3. 

Class 818. reit 3978. Same comment as Class 818, reit 3615 above. 

Class 919. reit 2883. This was compared to the Houston encounter. Concern was 
expressed that this could 0*as?) happened in the airspace. See action item 6. 

Class 919. reit 7162. This is a "Seattle encounter" but with 750 or 500 ft planned 
separation. The comment was made that all Seattle encounters that we know of in the 
airspace have had 1000ft planned separation. It was agreed to include this encounter (as an 
overshoot) in the special encounter set. Andy Zeitlin pointed out that the overshoot is an 
easy extension of the level-off encounters we already have. We would just add an extra 
parameter to our existing classes. See action item 4. 

Class 919. reit 1509. There was no concern about this encounter because the aircraft is 
delaying a crossing RA, waiting for a level-off to occur, and this is viewed as an 
appropriate trade-off. 

Class 919. reit 3523. See action item 5. 

Class 313. reit 1614. This could happen in the airspace. See action item 6. 
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III.   Agenda Item 2 

FAA Technical Center reviewed the failure mechanisms observed in their simulation 
database. Their groupings were based on logic features, rather than on geometry (the 
Lincoln basis). The 13 failure mechanisms were: 

1. Contrary Encounter Mechanism 
2. Firmness Encounter Mechanism 
3-7. Maintain Encounter Mechanism 
8-11. Recovery Encounter Mechanism 
12. Restart Encounter Mechanism 
13. Slow Level-off Encounter Mechanism 

Example plots were reviewed for each type of failure mechanism. 

IV.   Action Items 
(answers to be faxed to other members of review committee) 

(1) 

(2) 

(3) 

(4) 
(5) 

(6) 

(7) 

FAATC: Class 515, reit 4283. Look into why we get an increase RA when the 
aircraft's vertical rate is already 3000 fpm. 
FAATC: Class 818, reit 4970. Explain why 6.04 and 6.04A have such different 
results - 6.04 gives no RAs while 6.04A gives RAs that lead to NMACS. 
MITRE: Class 818, reit 1520. Look into the subject of many deferrals occurring one 
after another, resulting in too long a delay in issuing an RA. 
MITRE: Present thoughts on an overshoot class at the next TCAS Program Review. 
Lincoln Lab: Give second-by-second and summary data to Larry Nivert and MITRE 
for each of the three NMAC encounters in which the planned separation was 1000 ft 
(all class 919, reits 1738, 4969,5131) 
Lincoln Lab: Communicate results of altimetry monitoring when available (what 
vertical rates and accelerations are we seeing in the airspace? what kinds of 
overshoots?) Check with ARINC on expected autopilot performance. 
Lincoln Lab: Circulate meeting minutes to all attendees (one per organization). Give a 
report at the next TCAS Program Review. 

V.   Attendance List 

1. Larry Nivert 
2. Andrew Zeitlin 
3. Tom Choyce 
4. Kathryn Ciaramella 
5. Ellen Meadors 
6. Rob Bradley 
7. Mike Rubinstein 
8. AnnDrumm 
9. Richard Potts 
10. Barbara Chludzinski 

FAA/ARD-140 
MITRE/CAASD 
FAATC/ACD-320 
FAATC/ACD-320 
TASC 
CRC 
CRC 
Lincoln Laboratory 
Lincoln Laboratory 
Lincoln Laboratory 

202-267-8462 
703-883-6858 
609-485-4658 
609-485-5254 
617-942-2000 
703-934-7800 
703-934-7800 
617-981-3594 
617-981-3285 
617-981-4986 
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